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Foreword 


This manual has been prepared to enable the users of the 
Series MELPS 7700 CMOS 16-bit microcomputers to better 
understand the instruction set and the features so that they can 
utilize the capabilities of the microcomputers to the fullest. This 
manual presents detailed descriptions of the instructions and ad- 
dressing modes available for the Series MELPS 7700 micro- 
computers. 


For the hardware descriptions of the Series MELPS 7700 micro- 
computers and descriptions of various development support 
tools (e.g., assembler, debugger), please refer to the user's 
manuals and operating guidebooks for the respective hardware 
and software products. 
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1. Introduction of Series MELPS 7700 Software 


The software for the Series MELPS 7700 16-bit CMOS microcomputers was developed by 
making is numerous enhancements on the software for the Series MELPS 740 8-bit microcom- 
puter which are based on Mitsubishi Electric Corporation’s proprietary designs. The enhance- 
ments include support of word (16-bit) operations and linear accessing of up to 16M bytes of 
memory space. 


The new software’s compact and easy to use instruction set and the support of powerful address- 
ing modes will significantly increase 


‘The Series MELPS 7700 microcomputers offer the following features 


Upward compatibility for the Series MELPS 740. 

Powerful addressing modes and fast and compact instruction set. 

Direct page mapping function and memory oriented software system by direct paging. 
Byte and word operations can be selected at will by the m flag. 


The usual 64K bytes program memory boundary can be ignored for the practical 
purposes,and programs can be written to utilize the full 16M bytes of memory space. For 
data memory, linear as well as bank memory accessing are supported. 


Bit manipulation instructions and bit test and branch instructions can be used for memory 
and |/O accessing of the entire 16M bytes space. 


Block transfer instruction capable of handling blocks of up to 64K bytes each. 


@® Improved stack accessing capability. 


Decimal arithmetic instruction execution requiring no software compensation. 


The performance of the systems based on the Series MELPS 7700 microcomputers, whether 
used as advanced 8-bit microcomputer or next-generation 16-bit one. 





Register Configuration 


2. Register Configuration 


2.1 


(1 


- The central processing unit (CPU) of each Series MELPS 7700 microcomputer has 10 internal 


——_ 


registers (See Fig.2.1). Each of these registers is described below 


Accumulator (Acc) 
Accumulator A (A) 


The accumulator A is the main register of the microcomputer, and data processing such as arith- 
metic calculations, data transfer and input/output operations are executed via this accumulator. 
It consists of 16-bit register, but it can be used as an 8-bit register by setting the data length se- 
lection flag m in the processor status register PS. The flag m is described in detail in a later sec- 
tion. The flag m value of “O” specifies 16-bit data length, and “1” specifies 8-bit data length. 
When operating under 8-bit data length setting, only the lower 8 bits of the accumulator A are 
used and the upper 8 bits do not change. 


(2) Accumulator B (B) 


The accumulator B is a 16-bit register whose function is equivalent to that of the accumulator A. 
The Series MELPS 7700 instructions can use the accumulator B instead of the accumulator A. 
Note, however, that use of the accumulator B requires more instruction bytes and execution 
cycles than when using the accumulator A. 


2.2 Index Register X (X) 


The index register X is a 16-bit register, but it can be used as an 8-bit register by setting the index 
register length selection flag x in the processor status register PS. The flag x is described in 
detail in a later section. The flag x value of “0” specifies 16-bit index register length, and “1” 
specifies 8-bit index register length. When operating under 8-bit index register length setting, only 
the lower 8 bits of the index register X are used and the upper 8 bits do not change. 


In an addressing mode in which the index register X is used as the index register, the address 
obtained by adding the contents of this register is accessed. For the block transfer instructions, 
MVP and MVN, the contents of the index register X become the lower 16 bits of the transfer-from 
address and the byte-3 of the instruction becomes the upper 8 bits. 


2.3 Index Register Y (Y) 


The index register Y is a 16-bit register whose function is equivalent to that of the index register 
X. As in the case of the index register X, the index register length selection flag x can be used 
to use only the lower 8 bits of the index register Y. For the block transfer instructions, MVP and 
MVN, the contents of the index register Y become the lower 16 bits of the transfer-to address and 
the byte-2 of the instruction become the upper 8 bits. 
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b15 b8 b7 bO 
| Aw | AL Accumulator A (A) 
b15 b8 b7 bO 
Bw | Bi | Accumulator 8 (6) 
b15 b8 b7 b0 | 
Index Register X (X) 
b15 b8 b7 bO 
Index Register Y (Y) 
b15 b8 b7 b0O 
| SH | Se Stack Pointer (S) 

b7 bO 

Data Bank Register (DT) 
b15 b8 b7 b0 


Program Counter (PC) 
Program Bank Register (PG) 


Direct Page Register (DPR) 





----- tL 


b15 b10 b8 b7 b0 
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| Carry Flag 


Zero Flag 
Interrupt Disable Flag 
Decimal Operation mode Flag 
Index Register Length Selection 


Flag 
Data Length Selection Flag 


| ——— Overflow Flag 


Negative Flag 





Processor Interrupt Priority Level 


Fig. 2.1 CPU Register Model 
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2.4 Stack Pointer (S) 


The stack pointer (S) is a 16-bit register, and it is used when calling a subroutine, at the time of 
interrupt processing and when using one of the stack addressing modes. The contents of the 
stack pointer specifies the address (stack area) where the memory (RAM) registers that must be 
saved are to be stored. | i 


When an interrupt is received, the contents of the program bank register are saved at the address 
specified by the stack pointers value, and the stack pointer’s value is decremented by 1. 
Similarly, the contents of the program counter and the processor status register are saved in the 
order of lower bytes first (PC, PC,, PS,, PS,). Thus, the value of the stack pointer after an 
interrupt has been accepted will be 5 less than the value before the interrupt acceptance. ‘When 
the interrupt processing is completed and the control is returned to the original routine, the © 
registers that had been saved to the stack area are restored in the reverse order of the saving 
operation, and the stack pointer’s value is restored to that before the interrupt was accepted. 
Similar operations are executed when a subroutine is called, except that the processor status 
register (and the program bank register for some addressing modes) is not saved. 


The registers other than those indicated above are not saved when an interrupt is invoked or 
when a subroutine is called, so that provisions must be made in the application programs to save 
the. registers if necessary. Also note that the stack pointer must be initialized after the microcom- 
puter is reset, because its content is indeterminable after reset operation. Normally, the highest 
address of the internal RAM is set in the stack pointer. The contents of the stack area will change 
by nesting of subroutines and acceptance of multiple interrupts, so that the subroutine nesting 
levels must be chosen carefully so as not to destroy the integrity of RAM data. 


2.5 Program Counter (PC) 


The program counter (PC) is a 16-bit register that contains the lower 16-bit values of the 24-bit 
program memory address of the instruction to be executed next. 


2.6 Program Bank Register (PG) 


The program bank register (PG) is an 8-bit register that contains the upper 8-bit (bank) value of 
the 24-bit program memory address of the instruction to be executed next. When a carry is gen- 
erated by incrementing of the program counter’s content or when a carry or borrow is generated 
by addition or subtraction of an offset value to the program counter’s content by execution of a 
branching instruction, for example, the program bank register’s content is automatically incre- 
mented or decremented by 1 so that the bank boundary needs not be considered for application 
programming. 


b23 bts b7 bd 
| PG | PCH STP 
b7 bO b15 b8 b7 bo 
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2.7 Data Bank Register (DT) 


The data bank register (DT) is an 8-bit register. Its contents are interpreted as the upper 8 bits 
(bank) of a 24-bit memory address under certain addressing modes. 


2.8 Direct Page Register (DPR) 


The direct page register (DPR) is a 16-bit register, which allows specification of a 256 byte space 
called a direct page in bank-0. This area can be accessed by 2 bytes in the direct page 
addressing mode. The contents of the direct page register specify the least-significant (base) 
address of the direct page area. A value in the range of 016-FFFFie may be set in the direct page 
register. When a value of or higher than FFO1i6 is set in the direct page register, the direct page 
area will cross over the bank-0 and bank-1 boundary. Normally, the lower 8-bit value of the direct 
page register is set to 0016 since that reduces the number of cycles required for address genera- 
tion. 


00000016 Fe eset OO0000t6 
When DPR=000016 


| OOOOFF is 





00012316 
When DPR=012316 (Note 1) 


| 00022216 
Direct page area 
OOFFD6t6 | 
OOFFFFt6 When DPR=FFD6ie (Note 2) 
01000016 
010F D516 


Bank-1 


(Note 1) Cycles-count is incremented by 1 when the lower 8-bit of DPR is not 0016. | 
(Note 2) Direct page is specified across bank-O and bank-1 when DPR value is FFO1i6 or higher. 





Fig. 2.2 Setting Direct Page by Direct Page Register 
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2.9 Processor Status Register (PS) 


The processor status register (PS) is an 11-bit register, and it consists of flags that specify the 
status immediately after operation and bits that set the processor interrupt priority level. The C, — 
Z, V and N flags enable execution of branching instructions depending on the flag values. Each 
bit of the processor status register is explained below. 


o}ofolojo} IPL |Nivim)x]o} tjzic 


(Note) Bits 11-15 are fixed at 0. 


bit 
Processor Status Register (PS) 





[Bit-0] Carry Flag (C) 


This bit is the carry flag which holds the carry or borrow from the arithmetic logic unit (ALU) after 
arithmetic operation. It is also affected by the shift and rotate instructions. This flag can be 
directly set by the SECand SEP, and cleared by CLC and CLP instructions. 


[Bit-1] Zero Flag (Z) 





mode. This flag can be directly set by SEP and cleared by CLP instructions. 


[Bit-2] Interrupt Disable Flag (I) 


This is the flag that is used to disable all interrupts (except the interrupts by the watchdog timer, 
BRK instruction and division by zero). When this flag is “1”, interrupts are disabled. This flag is 
set to “1” automatically when an interrupt is accepted, inhibiting multiple interrupt acceptance. 
This flag can be set using the SEI and SEP, and cleared using the CLI and CLP instructions. 


_ [Bit-3] Decimal Operation Mode Flag (D) 


This flag is used to determine whether to execute addition and subtraction in the binary-mode 
or in the decimal-mode. “0” specifies the ordinary binary mode. When this flag is set to “1”, ad- 
dition/subtraction is executed with 1 word as a 2- or 4-digit decimal value (2- or 4-digit selection 
is made by the data length selection flag m). Decimal alignment is performed automatically. 


N h imal-m n nl he ADC and SBC instructions. 
This flag can be set by the SEP and cleared by the CLP instructions. 





[Bit-4] Index Register Length Selection Flag (x) 


This flag specifies whether to use the index register X or Y in the 16-bit index register length or 
in the 8-bit index register length. “0” specifies the 16-bit length mode, and “1” specifies the 8- 
bit length mode. This flag can be set by the SEP, and cleared by the CLP instructions. 
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[Bit-5] Data Length Selection Flag (m) 


This flag specifies whether to use the 16-bit data length or the 8-bit data length. "O" specifies 
16-bit, and "1" specifies 8-bit data length. This flag can be set by the SEM and SEP, and cleared 
by the CLM and CLP instructions. 


[Bit-6] Overflow Flag (V) 


The overflow flag has a meaning when adding or subtracting 1 word as a signed binary number. 
This flag is set 1 when the flag m is set to "O" and the result of addition or subtraction is outside 
the range -32768~+32767, and it is set 0 otherwise. When the flag m is set to "1", this flag is 
set 1 if the result of addition or subtraction is outside the range -128~+12/7 and set Ootherwise. 
This flag can be directly set by the SEP, and cleared by the CLV and CLP instructions. This flag 
is meaningless in the decimal operation mode. 


[Bit-7] Negative flag (N) 


The negative flag (N) is set 1 when the result of data transfer is negative (bit-15 of data is “1” 
when the flag m is “0”, or bit-7 of data is “1” when the flag m is “1”), and it is set 0 otherwise. 
This flag can be directly set by the SEP, and cleared by the CLP instructions. This flag is 
meaningl in th imal ration mode. 


[Bit-8~Bit-10] Processor interrupt priority level (IPLo~IPL2) 


The processor interrupt priority level (IPL) consists of 3 bits, and these 3 bits enable determination 
of 8 processor interrupt priority levels (level-O ~ level-7). An interrupt is allowed only when its 
interrupt priority level is higher than the IPL value. When an interrupt is generated, IPL is saved 
to the stack area, and the priority level of the allowed interrupt is set in IPL. 


There is no instruction that can directly set or clear IPLo~IPL2. Therefore, in order to alter the 
IPL contents, the desired value must be first stored in the stack and then the processor status 
register contents altered using the PUL or PLP instruction. 
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3. Addressing Modes 
3.1 Addressing Mode 


When executing an instruction, the address of the memory location from which the data required 
for arithmetic operation is to be retrieved or to which the result of arithmetic operation is to be 
stored must be specified in advance. Address specification is also necessary when the control 
is to jump to a certain memory address during program execution. Addressing refers to the 
method of specifying the memory address. 


The Series MELPS 7700 microcomputers support 28 different addressing modes, offering ex- 
tremely versatile and powerful memory accessing capability. 


3.2 Explanation of Addressing Modes 


Each of the 28 addressing modes is explained on the pages indicated below: 


Implied addressing mode _ | 9 

Immediate addressing mode : 10 
Accumulator addressing mode 11 
Direct addressing mode 12 
Direct bit addressing mode 13 
Direct indexed X addressing mode 14 
Direct indexed Y addressing mode | 16 
Direct indirect addressing mode 17 
Direct indexed X indirect addressing mode i 18 
Direct indirect indexed Y addressing mode 21 
Direct indirect long addressing mode : 24 
Direct indirect long indexed Y addressing mode 25 
Absolute addressing mode 28 
Absolute bit addressing mode 30 
Absolute indexed X addressing mode 31 
Absolute indexed Y addressing mode : 33 
Absolute long addressing mode | 35 
Absolute long indexed X addressing mode 36 
Absolute indirect addressing mode | 37 
Absolute indirect long addressing mode | 38 
Absolute indexed X indirect addressing mode 39 
Stack addressing mode 40 
Relative addressing mode 42 
Direct bit relative addressing mode 43 
Absolute bit relative addressing mode es) 
Stack pointer relative addressing mode 47 
Stack pointer relative indirect indexed Y addressing mode 48 
Block transfer addressing mode 50 





Implied 


Mode Implied addressing mode 
Function 
Instruction: BRK, CLC, CLI, CLM, 
RTI, RTL, RTS, SEC, 
TAY, TBD, TBS, TBX, 
TXA, TXB, TXS, TXY, 
ex. - Mnemonic Machine Code 


CLC 


184 





ex. - Mnemonic Machine Code 
TXA 8Ai¢ 
(m= 1, x =0) 


, a eee 


The upper-byte 
is not transferred. 


CLV, 
SEI, 

TBY, 
TYA, 


ae 


The single-instruction inherently address an internal register. 


DEX, DEY,  INX, INY, NOP, 
SEM, STP, TAD, TAS, TAX, 
TDA, TDB, TSA, TSB, TSX, 
TYB, TYX, WIT, XAB 
ex. - Mnemonic Machine Code 
TXA B8Ai¢ 
(m = 0, x = 1) 


! 


(Note) When the data length differ between the transfer-from and trans- 


fer-to locations, data is transferred at the data length for the 
transfer-to location. If, however, the index register is specified as 
the transfer-to location and the x flag is set to 1, 0016 is sent as 


the upper byte value. 


immediate 








Mode Immediate addressing mode 
Function 
the bank boundary. 
Instruction: ADC, AND, CLP, CMP, CPX, CPY, 
LDX, LDY, MPY, ORA, RLA, SBC, 
ex. - Mnemonic Machine Code ©Xx. 
ADC A,#0A5H 6916 Adi¢ 
(m= 1) 
Memory 
0000, 
Program 
8-bit width bank-PG 
AWA+C+ Program 16-bit wich 


-Operand (A5,,) Bank Register 


[PG | FFFF,, 








A-A+C+41A5i¢| B7ig |< 


A portion of the instruction is the actual data. Such instruction code may cross over | 


DIV, EOR, LDA, LOT, 
SEP 
- Mnemonic . Machine Code 
ADC A,#0A5B7H 69,, B7ig Adi. 
(m = 0) 
Memory 


0000,, 


Program 
bank-PG 


Op Code (69,,) 


Program 
Bank Register 


FFFF i 


Operand (B74.) 
) Operand (A5,.) 








ex. . - Mnemonic Machine Code ex. ; Mnemonic Machine Code 
LDX +0A5H A2;5 A5i¢ LDX +0A5B7H A2,¢5 B7ig Adie 
(x =1) (x = 0) 
Memory Memory 
0000,, 0000,, 
Program 
bank-PG Program 
8-bit width Op Code (A2,¢) Program Pe eae oe Operand (B7;.) Program 
X< <_ Operand (A5,.) Bank Register eae | Operand (A5;.) Bank Register 
| FFFF 1, [PG] FFFF,, 





10 





Accumulator 


Mode : Accumulator addressing mode 
Function : The contents of accumulator are the actual data. 


Instruction: ASL, DEC, INC, LSR, ROL, ROR 


ex. : Mnemonic Machine Code 


ROL A 2Ar6 
(m = 1) 
’ Carry flag Accumulator A 
ex. - Mnemonic Machine Code 
ROL A 2Ai¢ 
(m = 0) 





Carry flag Accumulator A 


Direct 





Mode : Direct addressing mode 


Function :  Thecontents of the bank-0 memory location specified by the result of adding the sec- 
ond byte of the instruction to the contents of the direct page register become the ac- 
tual data. If, however, addition of the instruction’s second byte to the direct page 
register’s contents result in a value that exceeds the bank-0 range, the specified lo- 
cation will be in bank-1. 


Instruction: ADC, AND, ASL, CMP, CPX, CPY, DEC, DIV,  EOR, INC, 
LDA, LDM, LDX, LDY, LSR, MPY, ORA, ROL, ROR, SBC, 
STA, STIX, STY 


ex. : Mnemonic Machine Code ex. - Mnemonic Machine Code 
ADC A,02H 6545 024, ADC A,02H 6516 0216 
(m = 1) (m = 0) 
Memory Memory 
















on A+-A+C 
A~A+C+ Bank-0 Tey DATAL 
= FFFF,, | Op Code (6546) Regisic! 
Operand (02) + | 1234.6 |= 1236,, 


Direct Page 
Direct Page a 


Op Code (654) Register 


Operand (02,,) + = 1236,, 






ex. : Mnemonic Machine Code ex. - Mnemonic Machine Code 


LDX 02H | A6,_ 0246 LDX 02H AB yg 0246 
(x = 1) (x = 0) 
Memory 


0000,, 


haa -_ 
‘Bank-0 Bank-0 









1236 1236 
be X<| DATA, | DATA, “| " 
FFFF,, FFFF,, 
Direct Page Direct Page 
Op Code (A64,) Register 







Op Code (A646) Register 


Operand (02,6) + = 1236,, re = 123616 


_ Operand (0246) 








Direct Bit 





Mode : Direct bit addressing mode 


Function : Specifies the bank-O memory location by the value obtained by adding the instruc- 
tion’s second byte to the direct page register’s contents, and specifies the positions 
of multiple bits in the memory location by the bit pattern in the third and fourth bytes 
of the instruction (third byte only when the m flag is set to 1). If, however, addition 
of the instruction’s second byte to the direct page register’s contents result in a value 
that exceeds the bank-0 range, the specified location will be in bank-1. 


Instruction : CLB, SEB 


ex. : Mnemonic Machine Code 
CLB + 5AH, 04H 14,4, 04,. 5A, 

(m= 1) 

Memory 






PPPPP PP 2] 001238.  <— /Bank-o 










Direct Page 
Op Code (144.) Register 
Operand (0446) + = 1238,, 
Operand (5A4,) 
001238,, 









- Mnemonic Machine Code 
CLB +5AA5H, 04H 1416 04;, A5i6 5Ai, 
(m= 0) 
Memory 


001238,, Bankid 


Direct Page 





Direct Indexed X 





Mode : Direct indexed X addressing mode 


Function : The contents of the bank-O memory location specified by the result of adding the 
second byte of the instruction, the contents of the direct page register and the con- 
tents of the index register X become the actual data. If, however, addition of the 
instruction’s second byte, the direct page register’s contents and the index register 
X’s contents results in a value that exceeds the bank-0 or bank-1 pangs. the specified 
location will be in bank-1 or bank-2. 


Instruction: ADC, AND, ASL, CMP, DEC, DIV,  EOR, INC, LDA, LDM, 
LDY, LSR, MPY, ORA, ROL, ROR, SBC, STA, STY 


ex. - Mnemonic Machine Code ex. - Mnemonic Machine Code — 
ADC A,1EH,X 7546 1Ei6 ADC A,1EH,X 7546 1Ei¢ 
(m= 1, x = 1) | (m= 0, x = 1) 
Memory Memory 


0000,, 0000,, 








A-A+C+ 


[para] ~ 


A+A+C+ 


DATA, | DATA,|< -| 


13384, 13384, 








FFFF 16 FFFF 1, 


Direct Page Index Direct Page _— Index 
Op Code (754.) Register Register X Op Code (75y¢) Register Register X 


Operand (1Eys) | +| 1234,,|+] | E616| = 1338;, Operand (1Ey5)_|+[1234,¢|+[  !E6,6| = 1338), 











ex. > Mnemonic Machine Code ex. - Mnemonic Machine Code © 
ADC A,1EH,X 7516 1E16 | ADC A,1EH,X 7546 1Ei6 
(m=1,x=0) | (m = 0, x = 0) 
memery Memory 
0000,, 0000,, 
A~A+C+ 
be aee8ie obelen sss 4338, 


DATAw | DATA. << | 








FFFF,,) 
=a ee oe FFFF,, 





Direct Page Index Direct Page Index 
Op Code (7546) Register Register X Op Code (754.6) Register Register X 
Operand Ew) [+ [1284%5)+ [ 30E6;e] = 4300 Operand (Eg) |+[12886]+[ 2066. |~ 4996, 





14 





ex. 


v< [ban] - 


ex. 


Y¥<| DATA, | DATA, -| 


Direct Indexed X 


: Mnemonic Machine Code 
LDY 1EH,X B4,, 1Ei, 
(x = 1) 
Memory 


0000,, 


13384, 





FFFF,, 





Direct Page Index 
Register Register X 


+ [20H ]-+[_[E6s) = 1908, 






Op Code (B44.) 
Operand (1E,,) 


- Mnemonic Machine Code 
LDY 1EH,X B4,, 1E.., 
(x = 0) 
Memory 


0000,, 


4338, 


FFFF,, 






Direct Page Index 
Register Register X 


+| 123416 |+| 30E6,. | = 4338, 







Op Code (B44) 
Operand (1E¢) 


15 


Direct Indexed Y | 





Mode : Direct indexed Y addressing mode 


Function :  Thecontents of the bank-O memory location specified by the result of adding the sec- 
ond byte of the instruction, the contents of the direct page register and the contents 
of the index register Y become the actual data. If, however, addition of the instruc- 
tion’s second byte, the direct page register's contents and the index register Y’s 
contents results in a value that exceeds the bank-0 or bank-1 range, the specified 
location will be in bank-1 or bank-2. 


Instruction: LDX, STX 


ex. : Mnemonic Machine Code 
LDX 02H,Y | B6,, 02;, 
(x= 1) 


FFFF,, 









Direct Page Index 


Op Code (B6,.) Register Register Y 


Operand (0246) +| 12344, +| E66 | = 131C,, 


ex. > Mnemonic Machine Code 
LDX 02H,Y_ | B6,, 0216 
(x = 0) 


X<| DATA, | DATA, -| 


FFFF,, 





Direct Page Index 


Op Code (B6,,) Register Register Y 


+ [128446 ]+ [00866] 191C 
ee 








Direct Indirect 


Mode : Direct indirect addressing mode 
Function The value obtained by adding the instruction’s second byte to the contents of the 
direct page register specifies 2 adjacent bytes in memory bank-0, and the contents 
of these bytes in memory bank-DT (DT is contents of data bank register) become the 
actual data. If, however, the value obtained by adding the instruction’s second byte 
and the direct page register’s contents exceeds the bank-0 range, the specified 
location will be in bank-1. 


Instruction: ADC, AND, CMP, DIV, EOR, LDA, MPY, ORA, SBC, STA 





ex. - Mnemonic Machine Code ex. - Mnemonic Machine Code 
ADC A,(1EH) 7216 1Ei6 ADC A,(1EH) 7216 1E16 
(m= 1) (m= 0) 
Memory Memory 








( 


12534, 125316 








Op Code (724.) 
Operand (1E4.) 







Direct Page 


Register Op Code (724) 
1234,, | + Operand (1E,,) 


Direct Page 
Register 


[12346 | + 











Data Bank 
Register- 


12014. 


Data Bank 
Register 


1201,, 


A-A+C+ 


[eae] 


A+A+C+ 


DATA, | DATA, J— 


if 


Direct Indexed X Indirect 





Mode : Direct indexed X indirect addressing mode 


Function : The value obtained by adding the instruction’s second byte, the contents of the direct 
page register and the contents of the index register X specifies 2 adjacent bytes in 
memory bank-0, and the contents of these bytes in memory bank-0, and the contents 
of these bytes in memory bank-DT (DT is contents of data bank register) become the 
actual data. If, however, the value obtained by adding the instruction’s second byte, 
the direct page register’s contents and the index register X’s contents exceeds the 
bank-0 or bank-1 range, the specified location will be in bank-1 or bank-2. 


Instruction: ADC, AND, CMP, DIV, EOR, LDA, MPY, ORA, SBC, STA 


ex. - Mnemonic Machine Code 
ADC A, (1EH, X) 61,, 1E4, 
(m=1,x =1) 
Memory 













Op Code (61,,) 
Operand (1E,,) 


Direct Page Index 
Register Register X Program 


os +| 1 E6,, | =1338;, bank-PG 







Data Bank 
Register 
A-A+C+4+I DATA |< DATA 1400416 


Direct Indexed X Indirect 





ex. > Mnemonic Machine Code 
ADC A, (1EH, X) 61,, 1Ei., 
(m=0,x=1) 
Memory 


0000,, 










1338, 











SSeS FFFF,, 
-— a Direct Page Index 
Op Code (61),) Register Register X Program 


Operand (1E,,) 


+ | 1234,, )+ | E615 |= 13384 bank-PG 





Data Bank 
Register 


| DT |1400,, 
A+-A+C+I DATA! DATA, 





ex. - Mnemonic Machine Code 
ADC A, (1EH, X) 61,6 1Ei6 
(m=1,x =0) 
Memory 


pee _ 


DATAI (004.) 10338,, 
DATATL (1446) 


1FFFF 16 





Direct Page Index 
Op Code (6146 Register Register X Program 


Operand (1E,,) +[ 1234, | + =10338,, bank-PG 









Data Bank 
Register 


A~A+C 4 ata | — [ DT |1400,, 





19 


Direct Indexed X Indirect 


ex. - Mnemonic Machine Code 
ADC A; (1EH, X) 614, 1Ei¢ 
(m=0,x =0) 
Memory 


Bank-1 


DATAI (00,,) 10338,¢ 
DATATL (144.6) 


ao 





ee eae 1FFFF,, 


Direct Fage Index 


Op Code (614.) Register Register X Program 
Operand (1Ey¢) + + =10338,, { bank-PG 


Data Bank 
Register 


A+-A+C+4] DATA, | DATA, | = eetis 


20 


Direct Indirect Indexed Y 





Mode : Direct indirect indexed Y addressing mode 


Function : The value obtained by adding the instruction’s second byte and the contents of the 
direct page register specifies 2 adjacent bytes in memory bank-0. 
The value obtained by adding the contents of these bytes and the contents of the 
index register Y specifies address of the actual data in memory bank-DT (DT is 
contents of data bank register). If, however, the value obtained by adding the con- 
tents of the instruction’s second byte and the direct page register exceeds the bank- 
0 range, the specified location will be in bank-1. Also, if addition of the contents of 
memory and index register Y generate a carry, the bank number will be 1 larger than 
the contents of the data bank register. 


Instruction: ADC,. AND, CMP, DIV, EOR, LDA, MPY, ORA, SBC, STA 


ex. . Mnemonic Machine Code 
ADC A, (1EH),Y 7146 1Ei6 
(m=1,x =1) 








Memory 
Bank-0 
index 
a Register Y 
7 5216 [1 E6.]= 
+ =12E7 
12534. ' 
Direct Page 
. Register Op Code (7146) 
en EY ee eee = Operand (1Ei.¢) 
Data Bank 
Register 





a-a+e+[ data] — 12E71, per e es 


eis 


Direct Indirect Indexed Y 





ex. > Mnemonic Machine Code 
ADC A, (1EH), Y 7116 1Ei6 
(m=0,x=1) 
Memory 
Bank-0O 
Index 
1252 DATAT (01,.) Register Y 
16 16 
+ =12E7 
125316 DATAT (1246) 18 












Op Code (714.6) 


Operand (1E,.) 


Direct Page 
Register 


[125416 | + 





Data Bank 
Register 


12E7, 


A+A+C +] DATA,' DATA, ~| 





ex. > Mnemonic Machine Code 
ADC A, (1EH), Y 7146 1Ei6 
(m=1,x=0) 
Memory 
Bank-0O 
Index 
1252 DATAI (0146) noses 
16 = 
. +| FOE6,, | =102E7 


Direct Page 
Register 


| 12346 | + 





Op Code (714g) 


Operand (1E;.) 


Data Bank 
Register 


a~a+c+[ data ]— | oT |+1, 0267, 
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Direct Indirect Indexed Y 











ex. - Mnemonic Machine Code 
ADC A, (1EH), Y 7146 1Ei6 
(m=0,x=0) 
Memory 
Bank-0 
Index 
Register Y 


y 





Op Code (714) 


Operand (1E,,) 


Direct Page 
Register 





Data Bank 
Register 


DATA DT |+1, 02E7 
A-A+C+4 DATA, 1 DATA, ~| er " 
H 
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Direct Indirect Long | 





Mode : Direct indirect long addressing mode 


Function : The value obtained by adding the instruction’s second byte and the contents of the 
direct page register specifies 3 adjacent bytes in memory bank-0, and the contents 
of these bytes specify the address of the memory location that contains the actual 
data. If, however, the value obtained by adding the contents of the instruction’s 
second byte and the direct page register exceeds the bank-0 range, the specified 
location will be in bank-1. The 3 adjacent bytes memory location may be spread over 
two different banks. | 


Instruction: ADC, AND, CMP, DIV, EOR, LDA, MPY, ORA, SBC, STA 


ex. > Mnemonic Machine Code ex. : Mnemonic Machine Code 
ADCL A, (1EH) 6716 1E1,6 ADCL A, (1EH) 6716 1E.6 
(m=1) (m=0) | 
Memory Memory 


























a Bank-0 ae Bank-0 
1252:, DATA I (EF,¢) 1252,, DATA I (EF,.) 
1253,, DATA II (01,,) 1253,, DATATI (01,,) 
1254,, DATA II (124.) 1254, DATAII (12,,) 
DirectRage Ei ce i ee ee 
Direct Page 
‘ =. ee ane Register Op Code(674.) 
A+A+C +] DATA | = veges 1201EF,, 
16 


A~A+C +4] DATA, | DATA, | 
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Direct Indirect Long Indexed Y 


Mode : Direct indirect long indexed Y addressing mode 


Function : The value obtained by adding the instruction’s second byte and the contents of the 
direct page register specifies 3 adjacent bytes in memory bank-0, and the value 
obtained by adding the contents of these bytes and the contents of the index register 
Y specifies the address of the memory location where the actual data is stored. If, 
however, the value obtained by adding the contents of the instruction’s second byte 
and the direct page register exceeds the bank-0 range, the specified location will be 
in bank-1. The 3 adjacent bytes memory location may be spread over two differ- 
ent banks. 

Instruction: ADC, AND, CMP, DIV, EOR, LDA, MPY, ORA, SBC, STA 


ex. > Mnemonic Machine Code 
ADCL A,(1EH), Y 7746 1E:6 
(m=1, x=1) 
Memory 


Bank-0O 
Index 


Register Y 
+ ' 2116 | =120210,, 







DATA II (124.) 


125246 
12534. 
125416 








Op Code(774.) 
Operand(1E,4.) 


Direct Page 
Register 


[ 1234 | + 








»-aves fon] 


120210,, 
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Direct Indirect Long Indexed Y 












ex. : Mnemonic Machine Code 
ADCL A,(1EH), Y 7716 1Ei6 
(m=0, x=1) 
Memory 
Bank-0 
Index 






( ) 


+ [Tie] — 120210 
DATATH ( 1246) 


Direct Page 


Register _ Op Code(7746) 
J Operand(1E4,) 







A+A+C+I DATA,! DATA, | < 


ex. - Mnemonic Machine Code 
ADCL A,(1EH), Y 7716 1Ed6 
(m=1, x=0) 


Bank-0O 
Index 


Register Y 


a =12E710,6 










Op Code(77;,) 


Operand(1E,,) 


Direct Page 
Register 


[ 12046 | + 


12E7104, 


a~ate+[oata]~ 
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Direct Indirect Long Indexed Y 






ex. : Mnemonic Machine Code 
ADCL A,(1EH), Y 7716 1Ed6 
(m=0, x=0) 
Memory 
Bank-0 
Index 
( 


1252,, 
1253,, 
12541, 


DATA | (EF) 
DATATL (014,) 
DATATI (12,.) 





Register Y 











Op Code(774.) 
Operand(1E,,) 


Direct Page 
Register 


| 1234,, | + 






12E7101, 


A+A+C-+I DATA, ! DATA, | 


2/ 


Absolute 








Mode Absolute addressing mode 
Function The contents of the memory locations specified by the instruction’s second and third 
bytes and the contents of the data bank register are the actual data. Note that, in 
the cases of the JMP and JSR instructions, the instructions’ second and third byte 
contents are transferred to the program counter. 
Instruction: ADC, AND, ASL, CMP, CPX, CPY, DEC, DIV, EOR, INC, 
JMP, JSR, LDA, LDM, LDX, LDY, LSR, MPY, ORA, ROL, 
ROR, SBC, STA, S&TX, STY 
ex. : Mnemonic Machine Code ex. - Mnemonic Machine Code 
ADC A, 0AD12H | 6Di¢ 1216 ADi¢ ADC A, 0AD12H 6Di¢ 1216 ADi¢ 
(m=1) (m=0) | 
Memory Memory 
Operand (AD,,) 
HESS GaAs a Data Bank 
Register 
Data Bank A~A+C+ 
A-A+ct Register ADI24, 


ae [ DT ]AD12,, 





DATA, 
DATA, | DATA, |< DATA 
H 









ex. -: Mnemonic Machine Code ex. > Mnemonic Machine Code 
LDX 0AC14H AEy6 1446 ACi, LDX 0AC14H AE.¢ 144, ACig 
(x=1) (x=0) 
Memory Memory 


| Op Code (AE4,) 
Operand (144.) 
Operand (ACj,) 











Op Code (AE; 


) 
Operand (144.) 
Operand (AC,,) 





Data Bank 


Data Bank Register 
Register AC14 
ed 16 
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Absolute 





ex. : Mnemonic Machine Code 
JMP 0AC14H 4Ci6 14,6 ACi, 
Memory 


0000,¢ 


Op Code (4C,,) 
Operand (14,,) 
Operand (ACj.) 


Program 
bank-PG 






Program 
Bank Register 


AC14,, 
FFFF,, 


Address to be 
executed next. 





Program bank register contents are not affected. 
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ex. 


Mode 


Function 


Absolute bit addressing mode 


Absolute Bit 


The contents of the instruction’s second and third bytes and the contents of the data 


bank register specify the memory locations, and data for multiple bit positions in the 
memory locations are specified by a bit pattern specified in the instruction's fourth and 
fifth bytes (the fourth byte only if the m flag is set to 1). 


Instruction: CLB, SEB 


30 





>: Mnemonic 


CLB +5AH, 1234H 
(m=1) 


Memory 


Machine Code 


Data Bank 
Register 


1234,, 


Data Bank 
Register 


1234,, 





€x. : Mnemonic 


Machine Code 
CLB +5AA5H, 1234H 
(m=0) 


Memory 


Op Code (1C,,) 


[operant Te) — 
reer] f 





Data Bank 
Register 


1234,, 


Data Bank 
Register 


1234, 


Absolute Indexed X 





Mode — :_ Absolute indexed X addressing mode 


Function : The contents of the memory locations specified by a value resulting from addition of 
a 16-bit numeric value expressed by the instruction’s second and third bytes with the 
contents of the index register X and the contents of the data bank register are the 
actual data. If, however, addition of the numeric value expressed by the instruction’s 
second and third bytes with the contents of the index register X generates a carry, 
the bank number will be 1 larger than the contents of the data bank register. 


Instruction: ADC, AND, ASL, CMP, DEC, DIV, EOR, INC, LDA, LDM, 
LDY, LSR, MPY, ORA, ROL, ROR, SBC, STA 


ex. : Mnemonic Machine Code ex. > Mnemonic Machine Code 
ADC A, 0AD12H, X 7Di6 1216 ADi. ADC A, 0AD12H, X 7D46 1216 ADi, 
(m=1, x=1) (m=0, x=1) 
Memory | Memory 










Ind 
Index Op Code (7D,,) R ba 
Register X egister X 


Operand (12,,) 
or | EE,g |= ; 
| ae |_| EEy6|=AE00,, Operand (AD) [TEE | AE00,< 


Op Code (7D,,) 
Operand (12;,) 
Operand (AD,,) 


Data Bank 
Register 
DT AE00,, <——____. 


Data Bank 
Register A~A+CH+ 


rlsem, ——[ornsrona] — | 
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Absolute Indexed X 





ex. - Mnemonic Machine Code ex. - Mnemonic . Machine Code 
ADC A, 0OAD1 2H, X 7Di¢ 1246 AD4. ADC A, 0AD12H, X 7Di¢ 12:6 AD,, 
(m=1,x=0) — (m=0, x=0) 
Memory Memory 










Op Code (7D.n) | Index . 
a ie “ Register X ; Op Code (70.8) men : 
P “ + | 10EE., | =BE00,, Operand (124.) 
Operand (AD,,) 


+! 140EE =BE00 


Data Bank 
Register 


| DT] BE0O,, 








Data Bank 
Register 


DT | BEOO 
nave [bata] OAT] | = 


ex. : Mnemonic Machine Code ex. -: Mnemonic Machine Code 
LDY 0BC12H, X BCig 1216 BCi, LDY 0BC12H, X BC,¢ 12,5, BC,, 
(x=1) : (x=0) 


Memory 
Op Code (BCi,) 


Operand (12,,) 
Operand (BC,,) 









Index 
Rgister X 


Operand (124.) ff: 
| EE. =BDO00 
Operand (BC,,) [__1EEss| " 


Index 
Register X 


= 10EE,, | =CD004¢ 







Data Bank [| 0000 Re me mee 


Register 
Y¥ <—]| DATA, ! DATA, -| 





v—[bare] [BF] B000,, 


DATAL 


DATA 





Data Bank 
Register 
CD00,, a 


32 


Absolute Indexed Y 











Mode Absolute indexed Y addressing mode 
Function The contents of the memory locations specified by a value resulting from addition of 
a 16-bit numeric value expressed by the instruction’s second and third bytes with the 
contents of the index register Y and the contents of the data bank register are the 
actual data. If, however, addition of the numeric value expressed by the instruction’s 
second and third bytes with the contents of the index register Y generates a carry, 
the bank number will be 1 larger than the contents of the data bank register. 
Instruction: ADC, AND, CMP, DIV, EOR, LDA, -LDX, MPY, ORA, SBC, 
STA 
ex. : Mnemonic Machine Code ex. -. Mnemonic Machine Code 
ADC A, 0AD1 2H, Y 7946 12, AD4, ADC A, 0AD12H, Y 7946 1246 AD, 
(m=1, x=1) (m=1, x=0) 
Memory Memory 
fee eee +| | EE,,|=AE00, 
operand (ADs) : oe 
Operand (AD,,) 
Data Bank 
A-~A+C+ in Pia ey Register 
AE00,« i Dr] BEN. 





ex. > Mnemonic Machine Code ex. 
ADC A, 0AD12H, Y 7946 12,, ADi. 
(m=0, x=1) 


Memory 


Op Code (7916) Register Y 


Operand (124.) | 
=AE00 
Operand (ADi6) te 18 


Index 





Data Bank 
Register 





A-A+C+ 
DATA, 


E00 
DATA, 1 DATA, | <— Beis 
| DATA, 


A-A+C+. 


DATA 1 DATA, | < 





- Mnemonic Machine Code 
ADC A, 0AD12H, Y 7946 121, AD, 
(m=0, x=0) 

Memory 


pe Coder Rie! Register Y 
Operand (12,.) | 

10EE,, | =BE 
Operand (AD) | a | 10EE%. | 0016 


Index 






Data Bank 
Register 


| DT|BE00,, <— 


| 
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Absolute Indexed Y 





Machine Code 


ex. - Mnemonic Machine Code ex. > Mnemonic 
LDX 0BC12H, Y BE,, 12:, BCi, LDX 0BC12H, Y BE,, 12:5, BCi. 
(x=1) (x=0) 
Memory Memory 


— Index 


HOb Code (BE ie) Register Y 
Operand (124¢) 
so =BDO00 
oes r 








Data Bank 
Register 


- X< 1] DATA I< DT | BD00,, 
DATA | cul x {DATA DATA, | =- 
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eoanaes Index 


Op Code (BEi¢) Register Y 
Operand (12,,) 

+] 10EE =CDO00 
Operand (BC,,) s 












Data Bank 
Register 


| DT | CD00,, 


Absolute Long 


Mode : Absolute long addressing mode 


Function : The contents of the memory locations specified by the instruction’s second, third and 
fourth bytes become the actual data. Note that, in the cases of the JMP and JSR 
instructions, the instructions’ second and third byte contents are transferred to the 
program counter and the fourth byte contents are transferred to the program bank 
register. 


Instruction: ADC, AND, CMP, DIV, EOR, JMP, JSR, LDA, MPY, ORA, 


SBC, STA 
ex. - Mnemonic Machine Code ex. ° Mnemonic Machine Code 
ADC A, 123456H 6F ig 5616 3446 1246 ADC A, 123456H 6F 4, 5616 3446 1246 
(m=1) (m=0) 
Memory Memory 


Op Code (6F 4.) 
Operand (56,,) 


Operand (34,,) 
Operand (12,,) 


Op Code (6F4,) 
Operand (56,.) 
Operand (344,) 
Operand (12;.) 










A-A+C+ 


(ox) 


123456,, 


123456 
* are + [bam one] | 





ex. -: Mnemonic Machine Code 
JMP 123456H 5Cig 5646 3416 124, 


Memory 


Op Code (5C,,) 


Operand (564.) 
Operand (344,) 
) 


Operand (124, 

















Program 
Bank Register 


Address to be 
12,6 |3456,, 


executed next. 


Program bank register contents are replaced by 
the third operand. 
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Absolute Long Indexed X 





Mode — : Absolute long indexed X addressing mode 

Function : The contents of the memory location specified by adding the numeric value ex- 
pressed by the instruction’s second, third and fourth bytes with the contents of the 
index register X are the actual data. 


Instruction: ADC, AND, CMP, DIV, EOR, LDA, MPY, ORA, SBC, STA 


| ex. - Mnemonic Machine Code | ex.  : Mnemonic Machine Code 
ADC A, 123456H, X 7Fi6 5616 3446 1246 ADC A, 123456H, X 7Fi6 5646 3446 1246 
| (m=1, x=1) | (m=0, x=1) 
Memory Memory 


Code (7F Index 
Op Code (7F,,) Index cl SLT) Register X 
Register X Operand (564¢) 
Operand (56,.) “ 
Operand (34,,) +| ! E1,, |=123537,, Operand (344.6) =123537;, 


Operand (12;.) 


Operand (12,,) 





A~A+C+ A+-A+C+ a 
[oars] ~ i827 [para ora) | 
ex. - Mnemonic Machine Code ex. > Mnemonic Machine Code 
ADC A, 123456H, X TF 16 5616 3446 1246 ADC A, 123456H, X TF 16 5646 3416 1246 
(m=0, x=1) | (m=0, x=0) 
Memory Memory 


Op Code (7F4.) Index | 
Operand (56;.) Register X Operand (56,.) Register X 
( ) 


Operand (344.) ns =132337,, Oreran’ a +| EEEt,. | =132337,, 
| Operand (1216) _| 246 


Operand (124.) 








A~+-A+C+ 


DATA] < 132837; DATA, DATAL| < 
es A-A+C+ 


13233716 
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Absolute Indirect 





Mode : Absolute indirect addressing mode 
Function : _ The instruction’s second and third bytes specify 2 adjacent bytes in memory, and 
the contents of these bytes specify the address within the same program bank to 


which a jump is to be made. 


Instruction: JMP 


ex. ~. Mnemonic Machine Code 
JMP(1400H) 6C1, 0016 144, 
Memory 





Op Code (6C,,) 
Operand (00,,) 
) 


Operand (1446 













Program 
bank-PG 






) 


1400,, 





Program 
Bank Register 
Address to be 
executed next. | PG] TEFF 46 











ex. 


Mode 


Function 


Absolute Indirect Long | 





Absolute indirect long addressing mode 


The instruction’s second and third bytes specify 3 adjacent bytes in memory, and the 
contents of these bytes specify the address to which a jump is to be made. 


Instruction: JMP 


: Mnemonic Machine Code 
JMPL(1234H ) DCi¢ 3446 1246 


Address to be 
executed next. 
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Memory 


Op Code (DC;,) 
Operand (34,.) 


Operand (124.) 









Program 
Bank Register 


= 1234,, 





DATA I (1246) 





/ 


Program 
Bank Register 


[A1,6|B412,, 


DATA Ill is loaded in the program bank register. 


Absolute Indexed X Indirect 





Mode : Absolute indexed X indirect addressing mode 

Function : The value obtained by adding the instruction’s second and third bytes and the con- 
tents of the index register X specifies 2 adjacent bytes in memory, and the contents 
of these bytes specify the address to which a jump is to be made. 


Instruction: JMP, JSR 


eX. : Mnemonic Machine Code 
JMP(1234H, X) TCy6 3446 1246 
(x=1) 
Memory 








Index 
Register X 


~~ 


Op Code (7C,, 
Operand (34,,) 
Operand (12;.) 





DATA I (124.6) 


DATA II (BC,,) 


1246,, Program 
bank-PG 


Program 
Bank Register 


BC12,. 





Address to be 
executed next. 
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Stack 





Mode : Stack addressing mode 


Function : Register contents are saved to or restored from the memory location specified by the 
stack pointer. The stack pointer is set in bank-0. 


Instruction: PEA, PEI, PER, PHA, 
: PHY, PLA, PLB, PLD, 


ex. - Mnemonic Machine Code 
PHA 48,6 
(m=1) 
‘Memory 


Stack Pointer 


_ Bank-0 





ex. : Mnemonic Machine Code 
PHD 0B, 
Memory 
s2[ (06 Su 8] 
S | DPR, 


Bank-0 
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PHD, PHG, PHP, PHT, PHX, 
PLT, PLX, PLY, PSH, PUL 


ex. - Mnemonic Machine Code 
PHA 48,, 
(m=0) 
Memory 


Stack Pointer 


es 


S-1 A, 
Ss Au 
Bank-0O 
ex. > Mnemonic Machine Code 
, PEA. tf 1234H F4,, 3446 1246 
Memory 


Stack Pointer 


Bank-0 











Op Code (Fay) . 
Operand (34,.) 
Operand (124.) 





Stack 





ex. - Mnemonic Machine Code ex. - Mnemonic Machine Code 
PEI + 12H D4,, 124, PER + 1234H 6216 3416 124, 
Memory Memory 









Stack Pointer 










$-2 0016 
341246 S-1 
S Bank-0 
Stack Pointer Eanked 
S-2 O15) Se Spf fo Program 
S-1 Bank Register 
Ss Op Code (62;.) 567616 Program 





Operand (34.6) 
Operand (12,,) 


bank-PG 


“N N 
| +] 56! 78. = (68) (AC) 


Program Counter 





Direct Page 


Op Code (D4,,) Register 
Operand (124,) =“ 3400;¢ = 341246 
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Relative 





Mode : Relative addressing mode 


Function : Branching occurs to the address specified by the value resulting from addition of the 
contents of the program counter and the instruction’s second byte. In the case of a 
long branch by the BRA instruction, a 15-bit signed numeric value formed by the con- 
tents of the instruction’s second and third bytes is added to the program counter con- 
tents. If the addition generates a carry or borrow, 1 is added to or subtracted from 
the program bank register. | 


Instruction: BCC, BCS, BEQ, BMI, BNE, BPL, BRA, BVC, BVS 





ex. > Mnemonic Machine Code 
BCC * —12 90;. F4,. 
Branches to the address * —12 if the carry flag (C) Advances to the address * if the carry flag (C) 
has been cleared. has been set. 
_ Memory Memory | 
Adaress to be 
executed next. * 12 
Op Code (90,,) Op Code (90,,) 
Operand (F44,) euinie Operand (F4,,) 
executed next. (=a 
ex. - Mnemonic Machine Code 
BRA 1234H 8216 3416 1216 


Memory 


Op Code (82;.) Program 
|  Operand (34,,) bank-PG 
Program 


Operand (124) Bank Register 


aa - 


Address to be 
1146 
executed next. PG | 16 Program 
bank-PG-+1 
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Direct Bit Relative 





Specifies the bank-O memory location by the value obtained by adding the instruc- 


tion’s second byte to the direct page register’s contents, and specifies the positions 
of multiple bits in the memory location by the bit pattern in the third and fourth bytes 
(the third byte only if the m flag is set to 1). Then, if the specified bits all satisfy the 
branching conditions, the instruction’s fifth byte (or the fourth byte if the m flag is set 
to 1) is added to the program counter as a signed value, generating the branching 
destination address. lf, however, addition of the instruction’s second byte to the direct 
page register’s contents result in a value that exceeds the bank-0 range, the specified 


Mode Direct bit relative addressing mode 
Function 
location will be in bank-1. 
Instruction: BBC, BBS 
ex. > Mnemonic Machine Code 


BBS +5AH, 04H, OF6GH 24,. 0446 5Aig F6i6 
(m=1) 


Memory 


Bank-0 


001238,, <— 





Program 
Bank Register 


1146 FFFD,, 


Address to be 
executed next. 








Direct Page 


Op Code (24,.) 


oe 
Operand (04,,) 

Operand (5Aj4,) 

) 


Operand (F6,, 


(Branch) 


Jump Register 


+ [1234,,|= 12381, 


Program 
Bank Register 


0007. 





Address to be 





executed next. 


Bank-0O 














001238,, 
Direct Page 
Op Code (24;.) Register 
Operand (04,5) | + [12341¢]=1238,. 
Operand (5Aj.) Program 
Bank Register 
[12,6] 0007,, 


(Not branch) 
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Direct Bit Relative 


ex. : Mnemonic Machine Code 
BBS +5AA5H, 04H, OF6H 3 2416 04,6 A5i¢ 5Ai¢ F645 
(m=0) 


Memory 


001238,, 


Program 
Bank Register 


W146 FFFE,, 


Address to be 
executed next. 


Direct Page 
Jump Op Code (244.) Register 
Operand (04,.) + [1234,6|= 1238,, 
Operand (A5,,) 
Operand (5Aj¢ Program 


) 
Operand (F6,6) Bank Register — address to be 


0008,, 





(Branch) 
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executed next. 





001238,, Bank-0- 











Direct Page 
Register 


+ [1234,,|= 1238,. 





Op Code (24,,) 
Operand (04,, 


) 
Operand (A5,,) 
Operand (5A4,) 
Operand (F6,,) 


(Not branch) 


Program 
Bank Register 








Absolute Bit Relative 





Mode : Absolute bit relative addressing mode 


Function : The instruction’s second and third bytes and the contents of the data bank register 
specify the memory location, and data for the memory location’s multiple bits is 
specified by a bit pattern in the instruction’s fourth and fifth bytes (the fourth byte only 
if the m flag is set to 1). Then, if the specified bits all satisfy the branching conditions, 
the instruction’s sixth byte (or the fifth byte if the m flag is set to 1) is added to the 
program counter as a signed value, generating the branching destination address. 


Instruction: BBC, BBS 












ex. . Mnemonic Machine Code 
BBS #5AH, 1234H, OF6H  2C4_¢ 3446 1216 SAi6 F616 
(m=1) 
Memory Memory 
Address to be Bank Register 
_ pees _ 
2c 
aes Op Code (2C;,) Op — : = 
= | _Operand (3415) _ | 
p Operand (34,,) ae a 
Operand (1246) a 
‘ eran 
Operand (5A4,) Program p 16 Program 
) 


Operand (F6,.) Bank Register 


Bank Register Address to be 


000746 executed next. 

















Dat 
Data Bank : uae 
Register pegister 
DT |1234,, . 
DT|1234,, <—! we < 
(Branch) (Not branch) 
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Absolute Bit Relative 





ex. |: Mnemonic Machine Code 


BBS =5AA5H, 1234H, OF6H 9 =. 2C 4, 3.446 1216 A546 5Ai6 F646 


(m=0) 


Memory 


Program 
Add fi Bank Register 
ress to be 
executed next. FFFD,, 










) 
' Operand (F646) 


Jump 





Program 
Bank Register 


0007,¢ 








Data Bank 
Register 


12344, 


46 


Memory 





Op Code (2C,,) 
Operand (34,,) 
) 


Operand (124. 


Operand (A5;.¢) 


Operand (5Aj4.) 


Operand (F6,,) 










Program 
Bank Register 


0007,¢ 





Address to be 
executed next. 






Data Bank 
Register 


1234,, 






(Not branch) 






Stack Pointer Relative 





Mode : Stack pointer relative addressing mode 


Function : The contents of a bank-0 memory location specified by the value resulting from ad- 
dition of the instruction’s second byte and the contents of the stack pointer become 
the actual data. If, however, the value obtained by adding the contents of the instruc- 
tion’s second byte and the stack pointer's contents exceeds the bank-0 range, the 
specified location will be in bank-1. 


Instruction: ADC, AND, CMP, DIV, EOR, LDA, MPY, ORA, SBC, STA 










ex. - Mnemonic Machine Code ex. - Mnemonic Machine Code 
ADC A, 02H, S 631, 02,., - ADC A, 02H, S 63,, 024, 
(m=1) (m=0) 
Memory Memory 
Bank-0 
\ Bank-0 
A+A+C+ 
A--A+C-+] DATA | <— 1236 
ears . | DATA | DATA, | | DATA, -| Tents 
Op Code (63;,) Stack Pointer Op Code (634.) Stack Pointer 
Operand (02¢) + | 1234,, |=1236,, 7 Operand (02;,) | + [ 1234,, |= 1236, 
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__Stack Pointer Relative Indirect Indexed Y | 


Mode : Stack pointer relative indirect indexed Y addressing mode 


Function. : The value obtained by adding the instruction’s second byte and the contents of the 


stack pointer specifies 2 adjacent bytes in memory. The value obtained by adding the 
contents of these bytes and the contents of the index register Y specifies address of 
the actual data in memory bank-DT (DT is contents of data bank register). If addition 
of the 2 bytes in memory with the contents of the index register Y generate a carry, 
the bank number will be 1 larger than the contents of the data bank register. 


Instruction: _ADC, AND, CMP, DIV, EOR, LDA, MPY, ORA, SBC, STA 


ex. 


A--A+C-+ . 
















- Mnemonic Machine Code ex. - Mnemonic Machine Code 
ADC A,(1EH, S), Y 7316 1E4, ADC A,(1EH, S), Y 7346 1E46 
(m=1, x=1) (m=0, x=1) 
Memory | | Memory 
Bank-0 
Bank-0 
- Index Register Y Index Register Y 
1252, DATA I (014.) 125246 DATA I (0146) 
= 12E | E646 = 
125346 DATA II (1246) + 76 125346 DATA II (12.) + [__ 1E6 6] 12E74, 
Stack Pointer 
Stack Pointer Op Code (73,¢) Op Code (73:6) 
p 16 + 1 Operand (1Ey,) 
+ Operand (1E,,) 
Data Bank 
Data Bank A-A+C+ Register 
Register DATA, | DATA, | <— | [DT] 12E7,,_ 
DATA | <- 12E7;, 
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Stack Pointer Relative Indirect Indexed Y 





ex. > Mnemonic Machine Code 
ADC A, (1EH, S), Y 7346 1Ei6 
(m=1,x=0) 
Memory 


\ 
Bank-0 


Index Register Y 
12524, DATA I (014,) 
FO = 102E7 
1253,g | DATA 11 (12,,) +[FOE6,6 | ‘ 


Stack Pointer Op Code (73;¢) 
+ | Operand (1E,,) 


Data Bank 
Register 


A-A+C+ | DATA] = [DT ]+1, 02E7,, 





ex. - Mnemonic Machine Code 
ADC A, (1EH, S), Y 7346 1E16 
(m=0, x=0) 
Memory 


Bank-0O 
Index Register Y 


+ | FOE6,, |=102E7,, 


Stack Pointer Op Code (7346) 


aaa | 123446 | a Operand (1E,.) 









Data Bank 
Register 


[ DT |+1, 02E7;. 


A-A+C+| DATA, | DATA, | < 
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Block Transfer 

















Mode Block transfer addressing mode 
Function The instruction’s second byte specifies the transfer-to data bank, and the contents of 
the index register Y specify the transfer-to address within the data bank. The instruc- 
tion’s third byte specifies the transfer-from data bank, and the contents of the index 
register X specify the address in the data bank where the data to be transferred is 
stored. The contents of the accumulator A constitute the number of bytes to be trans- 
ferred. Upon termination of transfer, the contents of the data bank register will 
specify the transfer-to data bank. The MVN instruction is used for transfer to lower 
address location. In this case, the contents of the index registers X and Y are incre- 
mented each time data is transferred. The MVP instruction is used for transfer to 
higher address location. In this case, the contents of the index registers X and Y are 
decremented each time data is transferred. The block of data to be transferred may 
cross over the bank boundary. 
Instruction : MVN, MVP 
ex. - Mnemonic Machine Code 
MVN 0E2H, 0E5H 5416 E2i6 E516 
Before transfer . After transfer 
Memory Memory 
eet E25678;4 
Pani Eets 
A[_ 000316 | 
X (123416 | 
Y 
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ex. 


- Block Transfer 


: Mnemonic Machine Code 
MVP OE5H, 0E2H 44,, E51, E2,, 


Before transfer 


Memory 


Op Code(444,) 
) 


Operand (E54, 


Operand (E2,.) 





After transfer 


Memory 


Bank-E2,, 
E2567A,, 


X[ 567A,, Op Code(444,) 
Y{ 1236,, Operand (E5,,) 
DT Operand (E2,,) 


Bank-E5i¢ 





AL_FFFFis | 
X[_ 867716 _] 
¥(_1233:6_] 

DT [E5i6 | 


E51236,, 
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4. Instructions 
4.1 Instruction Set 


The Series MELPS 7700 microcomputers support a set of 103 instructions which are de- 
scribed in this chapter. This section presents overviews of these instructions, and Sec. 4.2 
presents the detailed description for each instruction. 


4.1.1 Data Transfer Instructions 


The data transfer instructions move data between data and registers, between a register and 
the memory, between registers or between memory devices. 


The following table summarizes the various data transfer instructions supported by the Series 
MELPS 7700 : 


[category | terveton [SSC 


Load LDA 
LDM 
LDT 
LDX 
LDY 


Transfer 
TDB 
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Loads the contents of memory into the = Sumuien 

















Loads an immediate value into the memory. 











Loads an immediate value into the data bank register. 









Loads the contents of memory into the index register X. 


Loads the contents of memory into the index register Y. 





Stores the contents of the accumulator in the memory. 





Stores the contents of the index register X in the memory. 
Stores the contents of the index register Y in the memory. 
Transfers the contents of the accumulator A to the index register X. 


Transfers the contents of the index register X to the accumulator A. 





Transfers the contents of the accumulator A to the index register Y. 





Transfers the contents of the index register Y to the accumulator A. 











Transfers the contents of the stack pointer to the index register X. 


Transfers the contents of the index register X to the stack pointer. 





Transfers the contents of the accumulator A to the direct page 
register. 








Transfers the contents of the direct page register to the accumula- 
tor A. 













Transfers the contents of the accumulator A to the stack pointer. 


Transfers the contents of the stack pointer to the accumulator A. 





Transfers the contents of the accumulator B to the direct page reg- 
ister. 


Transfers the contents of the direct page register to the accumulator 
B. 





Transfers the contents of the accumulator B to the stack pointer. 





Instructions 





Transfer Transfers the contents of the stack pointer to the accumulator B. 











Transfers the contents of the accumulator B to the index register X. 


Transfers the contents of the index register X to the accumulator B. 








Transfers the contents of the accumulator B to the index register Y. 





Transfers the contents of the index register Y to the accumulator B. 





Transfers the contents of the index register X to the index register 
iG 





Transfers the contents of the index register Y to the index register 
X. 





Transfers a block of data from the lower addresses. 
Transfers a block of data from the higher addresses. 


Stack operation Saves the contents of the specified register to the stack. 





Restores the contents of stack to the specified register. 











Saves the contents of the accumulator A to the stack. 








Restores the contents of stack to the accumulator A. 








Saves the contents of the program status register to the stack. 
Restores the contents of stack to the program status register. 
Saves the contents of the accumulator B to the stack. 


Restores the contents of stack to the accumulator B. 





Saves the contents of the direct page register to the stack. 











Restores the contents of stack to the direct page register. 











Saves the contents of the data bank register to the stack. 














Restores the contents of stack to the data bank register. 








Saves the contents of the index register X to the stack. 








Restores the contents of stack to the index register X. 











Saves the contents of the index register Y to the stack. 





Restores the contents of stack to the index register Y. 


Saves the contents of the program bank register to the stack. 





Saves a the numeric of 2 bytes to the stack. 








Saves the contents of 2 consecutive bids in the direct page area 
to the stack. 





Saves the result of adding a 16-bit numeric value to the program 
counter contents to the stack. 


Exchange XAB Swaps the contents of the accumulator A with the contents of the 


accumulator B. 
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4.1.2 Arithmetic Instructions — 


The arithmetic instructions perform addition, subtraction, multiplication, division, logical operation, 
comparison, rotation and shifting of register and memory contents. 


The following table summarizes the arithmetic instructions aL ene 


Addition Adds the contents of the accumulator,the contents of meinely and 
; the contents of the carry flag. 
Subtraction 


op) 
ee) 
: 


Subtracts the complements of the contents of memory and carry 
flag from the contents of the accumulator. 


Multiplication 





Division Increments the accumulator or memory contents by 1. 





Decrements the accumulator or memory contents by 1. 








Increments the contents of the index register X by 1. 


Decrements the contents of the index register X by 1. 





Increments the contents of the index register Y by 1. 





Decrements the contents of the index register Y by 1. 








Multiples the contents of the accumulator A and the contents of 
memory. 


DEY | 

MPY 

DIV Divides the numeric value whose lower byte is the contents of the 
accumulator A and upper byte is the contents of the accumulator B 

AND ~ 

ORA 





by the contents of memory. 





Performs logical AND between the contents of the accumu- 
lator and the contents of memory. 











Logical operation 





Performs logical OR between the contents of the accumulator and 
the contents of memory. 


Performs logical exclusive-OR between the contents of the accumu- 
lator and the contents of memory. 


| Compares the contents of the accumulator with the contents of 
memory. . 


Compares the contents of the index register X and the contents of 
memory. 


Comparison 





Compares the contents of the index register Y and the contents of 
memory. 





Shifting, Lotation 


Shifts the contents of the accumulator or memory to the left by 1 bit. 














Shifts the contents of the accumulator or memory to the right by 1 
bit. 





ROL Links the contents of accumulator or memory with the carry flag, 
and rotates the result to the left by 1 bit. 
ROR | Links the contents of accumulator or memory with the carry flag, 
and rotates the result to the right by 1 bit. 
RLA Rotates the contents of the accumulator A to the left by the speci- 
fied number of bits. 
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4.1.3 Bit Manipulation Instructions 


The bit manipulation instructions set the specified bits of the processor status register or 
memory to “1” or “OQ”. 


The following table summarizes the bit manipulation instructions supported: 


SS 


Bit manipulation Clears the specified memory bit to “O”. 


Sets the specified memory bit to “1”. 


Clears the specified bit of the processor status register’s lower 
byte (PSL) to “O”. 


Sets the specified bit of the processor status register’s lower 
byte (PSt) to “1”. 





4.1.4 Flag Manipulation Instructions 
The flag manipulation instructions set to “1” or clear to “O” the C, |, m and V flags. 


The following table summarizes the flag manipulation instructions supported: 


Flag setting Clears the contents of carry flag to “O”. 


Sets the contents of carry flag to “1”. 








Clears the contents of data length selection flag to “O”. 








Sets the contents of data length selection flag to “1”. 








Clears the contents of interrupt disable flag to “O”. 











Sets the contents of interrupt disable flag to “1”. 








Clears the contents of overflow flag to “O”. 





4.1.5 Branching and Return Instructions 
The branching and return instructions enable changing the program execution sequence. 


The following table summarizes the branching and return instructions: 


(esesoy[waracion [eaeinton 


Sets a new address in the program counter and jumps to the new 
address. 












Jumps to the address obtained by adding an offset value to the 
contents of the program counter. 











Saves the contents of the program counter to the stack and then 
jumps to the new address. 
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ss [a [i 


Branch | | Gases a branch if the specitied memory bits are all “O”. 





Causes a branch if the specified memory bits are all “1”. 








Causes a branch if the carry flag is set to “O”. 





Causes a branch if the carry flag is set to “1”. 








Causes a branch if the zero flag is set to “O”. 


Causes a branch if the zero flag is set to “1”. 











Causes a branch if the negative flag is set to “O”. 











Causes a branch if the negative flag is set to “1”. 





Causes a branch if the overflow flag is set to “0”. 








Causes a branch if the overflow flag is set to “1”. 


Return Returns from the interrupt routine to the original routine. 





Returns from a subroutine to the original routine. The program 
bank register contents are not restored. 








Returns from a subroutine to the original routine. The program 
bank register contents are restored. 





4.1.6 Interrupt Instruction (Break Instruction) 


The interrupt instruction executes software interrupt. 










4.1.7 Special Instructions 


The special instructions listed below control the clock generator circuit. 


a 


Stops the internal clock. 





Stops the oscillator. 


4.1.8 Other Instruction 













Instruction 


Only advances the program counter. 
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4.2 Description of Instructions 


This section describes the Series MELPS 7700 instructions individually. To the extent possible, 
each instruction is described using one page per instruction. Each instruction description page 
is headed by the instruction mnemonic, and the pages are arranged in alphabetical order of the 
mnemonics. For each instruction, operation and description of the instruction, status flag changes 
and a listing sorted by addressing modes of the assembler coding format (Note 1), machine code, 
bytes-count and cycles-count (Note 2) are presented. 


Note1. The assembler coding formats shown are general examples, and they may differ from the 
actual formats for the assembler used. Please be sure to refer to the mnemonic coding 
description in the manual for the assembler actually used for programming. 


Note2. The cycles-counts shown are the minimum possible, and they vary depending on the fol- 
lowing conditions: 


@ Value of direct page register’s lower byte 


The cycles-count shown are for when the direct page register’s lower byte (DPR:) is 
0016. When using an addressing mode that uses the direct page register with 
DPR.i#“0016”, the cycles-count will be 1 more than the value shown. 


@ Number of bytes that have been loaded in the instruction queue buffer 


@ Whether the first address of the memory read/write is even- or odd-numbered in 
accessing the 16-bit data length. 


@ Accessing of an external memory are with BYTE=1 (using 8-bit external bus) 


5/7 


Instructions 





The table below lists the SUN that are used in this section: 


See aX Oo SND 


+ 


l<<>>*x 
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Bee ae lp 


C 
ACCH 
ACCL 


AH 
AL 


Bu 
Bu 


XH 
XL | 


Yu 
Yu 


PC 
PCu 
PC. 
REL 
PG 
DT 


Carry flag _ 

Zero flag 

Interrupt disable flag 
Decimal operation mode flag 


Index register length selection flag 


Data length selection flag 
Overflow flag 

Negative flag 

Processor interrupt priority level 
Addition 

Subtraction 

Multiplication 

Division — 

Logical AND 

Logical OR 

Exclusive OR 

Negation 

Movement to the arrow direction 
Movement to the arrow direction 
Movement to the arrow direction 
Accumulator 

Accumulator’s upper 8 bits 
Accumulator’s lower 8 bits 
Accumulator A . 

Accumulator A’s upper 8 bits 
Accumulator A’s lower 8 bits 
Accumulator B 

Accumulator B’s upper 8 bits 
Accumulator B’s lower 8 bits 
Index register X 

Index register X’s upper 8 bits 
Index register X’s lower 8 bits 


Index register Y 


Index register Y’s upper 8 bits 


Index register Y’s lower 8 bits 


_ Stack pointer 


Program counter 
Program counter’s upper 8 bits 
Program counter’s lower 8 bits 


~ Relative address 


Program bank register 
Data bank register 
























Direct page register 

| Direct page register’s upper 8 bits 
Direct page register’s lower 8 bits 
Processor status register 

Processor status register’s upper 8 bits 
Processor status register’s lower 8 bits 
Processor status register’s n-th bit 
Memory contents 


Contents of memory location specified by 
operand 


Contents of memory at address indicated 
by stack pointer 


n-th memory location 


Value of 24-bit address’ upper 8-bit 
(A23~A16) 


Value of 24-bit address’ middle 8-bit 
(A15~As) 

Value of 24-bit address’ lower 8-bit (A7~Ao) 
n-th bit of data | 
8-bit offset value 





Number of transfer bytes or rotation 


Number of registers pushed or pulled 









imm 8-bit immediate value 





imm1, imm2] 16-bit immediate value (imm1 specifies the 
upper 8-bit,and imme specifies the lower 8- 
bit) 


8-bit address value 









II 
mmil 















16-bit address value (mm specifies the 
upper 8-bit and Il specifies the lower 8-bit) 






hhmmll | 24-bit address value (hh specifies the up- 


per 8-bit, mm specifies the middle 8-bit and 
ll specifies the lower 8-bit) 


8-bit data value 


8-bit data value (Used when coding two 8- 
bit data side by side) 


Signed 8-bit data value 









rr 
mitre 





Signed 16-bit data value (rr1 is the upper 8- 
bit value, and rr2 is the lower 8-bit value) 


ADC 


Operation 


Description 


Status flags 


IPL: 


N 


N 7 O * 3 


Addressing mode Syntax 


Immediate 
Direct 


ADC 


Add with Carry 


Acc, C «+ Acc +M+C 


Adds the contents of the accumulator, memory and carry flag, and places the 
result in the accumulator. 


Executed as binary addition if the decimal operation mode flag D is set to 0. 
Executed as decimal addition if the decimal operation mode flag D is set to 1. 


Not affected. 


Set to 1 when bit 15 (or bit 7 if the data length selection flag m is set to 1) of 
the operation result is 1. Otherwise, cleared to 0. Meaningless for decimal 
addition. 


Set to 1 when binary addition of signed data result in a value outside the range 
of -32768 to +32767 (-128 to +127 if the data length selection flag m is set to 1). 
Otherwise, cleared to 0. Meaningless :or decimal addition. 


Not affected. 
Not affected. 
Not affected. 
Not affected. 


Set to 1 when the result of operation is 0. Otherwise, cleared to 0. Meaningless 
for decimal addition. 


When the data length selection flag m is set to 0, set to 1 if binary addition 
exceeds +65535 or if decimal addition exceeds +9999. Otherwise, cleared to 0. 
When the data length selection flag m is set to 1, set to 1 if binary addition 
exceeds +255 or if decimal addition exceeds +99. Otherwise, cleared to 0. 


Machine code 


NO 


ADC A, #imm 6916, imm 
ADC A, dd 6516, dd 


Direct 
Direct 
Direct 
Direct 
Direct 
Direct 


indexed X 

indirect 

indexed X indirect 
indirect indexed Y 
indirect long 

indirect long indexed Y 


Absolute 

Absolute indexed X 
Absolute indexed Y 
Absolute long 

Absolute long indexed X 


Stack pointer relative 


Stack pointer relative 


indirect indexed Y 








ADC 
ADC 
ADC 
ADC 


A, dd, X 
A, (dd) 

A, (dd, X) 
A, (dd), Y 


ADCL A, (dd) 
ADCL A, (dd), Y 


ADC 
ADC 
ADC 
ADC 
ADC 
ADC 
ADC 


A, mmil 

A, mmll, X 
A, mmil, Y 
A, hhmmll 
A, hhmmll, X 
A, nn,s 

A, (nn, S), Y 





7516, dd 

7216, dd 

6116, dd 

7116, dd 

6716, dd 

7/16, dd 

6Die, Il, mm 
7Die, Il, mm 
7916, Il, mm 
6Fi6, Il, mm, hh 
7Fi6, Il, mm, hh 
6316, nn 

7316, nn 














NONM FF WWWNHNNNNN LN PY 
OOnN ODD FP S|- S| AN DN FS 


(Note1) This table applies when using the accumulator A. If using the accumulator B, replace “A” with “B”. 
In this case, “4216” is added at the beginning of the machine code, the bytes-count increases by 
1 and the cycles-count increases by 2. 


(Note2) When operating on 16-bit data in the immediate addressing mode with the data length selection flag 
m set to 0, the bytes-count increases by 1. 
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A N D | | Logical AND AN D 
Operation Acc < Acc AM 


Description : Performs logical AND between the contents of the accumulator and the contents 
of memory, and places the result in the accumulator. 


Status flags 
IPL: Not affected. 


N : Set to 1 when bit 15 (or bit 7 if the data length selection flag m is set to 1) of 
the operation result is 1. Otherwise, cleared to 0. 


V Not affected. 
m Not affected. 
Xx Not affected. 
D Not affected. 
| Not affected. 
Z Set to 1 when the result of operation is 0. Otherwise, cleared to 0. 
C : Not affected. 


Addressing mode 


Immediate A, #imm 2916, imm 

Direct xc A, dd 2516, dd 

Direct indexed X AND A, dd, X 3516, dd 

Direct indirect AND A, (dd) 3216, dd 

Direct indexed X indirect AND_ A, (dd, X) 2116, dd 

Direct indirect indexed Y AND A, (dd), Y 3116, dd 

Direct indirect long ANDL. A, (dd) 2716, dd 

Direct indirect long indexed Y ANDL A, (dd), Y 3716, dd 

Absolute | AND A, mmll 2Die, Il, mm 

Absolute indexed X AND A, mmll, X 3Di6, Il, mm 

Absolute indexed Y AND A, mmil, Y 3916, Il, mm 

Absolute long AND A, hhmmil. 2F 16, Il, mm, hh 

Absolute long indexed X AND A, hhmmll, X 3F 16, ll, mm, hh 

Stack pointer relative AND A, nn, $ 2316, nn 

Stack pointer relative AND A, (nn, S), Y 3316, nn 
indirect indexed Y 


MO PMP FP WBWAONNDN NNN YN YN 
OOnNnNOnontth += -=F Onan 





(Note1) This table applies when using the accumulator A. If using the accumulator B, replace “A” with “B”. 
In this case, “4216” is added at the beginning of the machine code, the bytes-count increases by 
1 and the cycles-count increases by 2. 


(Note2) When operating on 16-bit data in the immediate addressing mode with the data length selection flag 
| m set to 0, the bytes-count increases by 1. 
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AS L Arithmetic Shift Left AS L 


Operation > When m=0 








When m=1 


b7 bo 
icl+_ | | TTT tt +0 


Description <- Shifts all bits of the accumulator or memory one place to the left. Bit 0 is loaded 
with 0. The carry flag C is loaded from bit 15 (or bit 7 when the data length 
selection flag m is set to 1) of the data before the shift. 


Status flags 
IPL: Not affected. 


N : Set to 1 when bit 15 (or bit 7 if the data length selection flag m is set to 1) of 
the operation result is 1. Otherwise, cleared to 0. 


Not affected. 
Not affected. 
Not affected. 
Not affected. 
Not affected. 
Set to 1 when the result of operation is 0. Otherwise, cleared to 0. 


Set to 1 when bit 15 (or bit 7 when the data length selection flag m is set to1) 
before the operation is 1. Otherwise, cleared to 0. 


\ 
ON OFX ZS 


Addressing mode Syntax Machine code 


Accumulator 

Direct 

Direct indexed X 
Absolute 

Absolute indexed X 

















(Note1) The accumulator addressing mode's specification in this table applies when using the accumulator 
A. If using the accumulator B, replace “A” with “B”. In this case, “4216” is added at the beginning 
of the machine code, the bytes-count increases by 1 and the cycles-count increases by 2. 
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B BC | Branch on Bit Clear , | B BC 


Operation >: When MA IMM=0 


PC «— PC +n + REL (REL is instruction’s second byte) 
PG < PG + 1 (if carry on PC), PG <— PG - 1 (if borrow on PC) 


When MA IMMz0 
PC — PC +n 
PG < PG + 1 (if carry on PC) 


IMM is the bit pattern that specifies the bit positions to be tested. 
The value of n is determined as follows: | 


If the data length selection flag m is set to 1, n=4 if direct bit relative 
addressing mode, and n=5 if absolute bit relative addressing mode. 


If the data length selection flag m is set to 0, n=5 if direct bit relative 
addressing mode, and n=6 if absolute bit relative addressing mode. 


Description : The BBC instruction tests the specified bits (which may be specified simultane- 
ously) of memory. The instruction causes a branch to the specified address 
when the specified bits are all 0. The branch address is specified by a relative 
address. 


Status flags : Not affected. 


Addressing mode Machine code 
Direct bit relative BBC #imm, dd, rr _ | 3416, dd, imm, rr 














Absolute bit relative BBC #imm, mmll, rr 3Cie, Il, mm, imm, rr 





(Note1) The bytes-count increases by 1 when operating on 16-bit data with the data length selection flag 
m set to 0. 


(Note2) The cycles-count increases by 2 when a branch occurs. 
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B BS Branch on Bit Set B BS 


Operation : When MA IMM=0 


PC — PC + n+ REL (REL is instruction’s second byte) 
PG <— PG + 1 (if carry on PC), PG — PG - 1 (if borrow on PC) 


When M A IMMz0 
PC — PC +n 
PG <— PG + 1 (if carry on PC) 


IMM is the bit pattern that specifies the bit positions to be tested. The value of 
n is determined as follows: 


If the data length selection flag m is set to 1, n=4 if direct bit relative 
addressing mode, and n=5 if absolute bit relative addressing mode. 


If the data length selection flag m is set to 0, n=5 if direct bit relative 
addressing mode, and n=6 if absolute bit relative addressing mode. 


Description : The BBS instruction tests the specified bits (which may be specified simultane- 
ously) of memory. The instruction causes a branch to the specified address 
when the specified bits are all 1. The branch address is specified by a relative 
address. 


Status flags <: Not affected. 


Addressing mode Machine code 


Direct bit relative BBS #imm, dd, rr 2416, dd, imm, rr 
Absolute bit relative BBS #imm, mmll, rr 2Cie6, Il, mm, imm, rr 

















(Note1) The bytes-count increases by 1 when operating on 16-bit data with the data length selection 
flag m set to O. 
(Note2) The cycles-count increases by 2 when a branch occurs. 
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BCC | Branch on Carry Clear _ BCC | 


Operation : When C=0, 


PC <— PC + 2 + REL (REL is instruction’s second. byte) 
PG <— PG + 1 (if carry on PC), PG < PG - 1 (if borrow on PC) 


When C=1, 
PC <— PC +2 
PG <— PG +1 (if carry on PC) 


Description : When the carry flag C is clear (0), the BCC instruction causes a branch to the 
, specified address. The branch address is specified by a relative address. 


When the carry flag C is set (1), the program advances to next step without any 
action. 


Status flags : Not affected. 


Addressing mode Syntax ~ Machine code Bytes 





Relative BCC rr | 9016, rr 


(Note1) The cycles-count increases by 2 when a branch occurs. 
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BCS 


Operation 


Description 


Status flags 


Relative 


Branch on Carry Set BCS 


When C=1, 


PC « PC + 2 + REL (REL is instruction’s second byte) 
PG <— PG + 1 (if carry on PC), PG < PG - 1 (if borrow on PC) 


When C=0, 
PC — PC +2 
PG — PG + 1 (if carry on PC) 


When the carry flag C is set (1), the BCS instruction causes a branch to the 
specified address. The branch address is specified by a relative address. 


When the carry flag C is clear (0), the program advances to next step without any 
action. 


Not affected. 


BOie, rr 


(Note1) The cycles-count increases by 2 when a branch occurs. 
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BEQ 


Operation 


Description 


Status flags 


Branch on Equal. | B EQ 


When Z=1, 


PC « PC + 2 + REL (REL is instruction’s second byte) 
PG <— PG + 1 (if carry on PC), PG < PG - 1 (if borrow on PC) 


When Z=0, 
PC « PC +2 
PG <— PG + 1 (if carry on PC) 


When the zero flag Z is set (1), the BEQ instruction causes a branch to the 


specified address. The branch address is specified by a relative address. 


When the zero flag Z is clear (0), the program advances to next step without any 
action. 


Not affected. 


Addressing mode Syntax Machine code 
Relative | eea 


(Note1) The cycles-count increases by 2 when a branch occurs. 
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BMI 


Operation 


Description 


Status flags 





Addressing mode Syntax Machine code 


Branch on Result Minus BMI 


When N=1, 


PC «— PC + 2+ REL (REL is instruction’s second byte) 
PG <— PG + 1 (if carry on PC), PG <— PG - 1 (if borrow on PC) 


When N=O, 
PC « PC +2 
PG <— PG + 1 (if carry on PC) 


When the negative flag N is set (1), the BMI instruction causes a branch to the 
specified address. The branch address is specified by a relative address. 


When the negative flag N is clear (0), the program advances to next step without 
any action. | 


Not affected. 






(Note1) The cycles-count increases by 2 when a branch occurs. 
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BN E | Branch on Not Equal | | | BNE | 


Operation : When Z=0, 


PC «<— PC + 2+ REL (REL is instruction’s second byte) 
PG < PG + 1 (if carry on PC), PG < PG - 1 (if borrow on PC) 


When Z=1, 
PC — PC +2 
PG < PG + 1 (if carry on PC) 


Description : When the zero flag Z is clear (0), the BNE instruction causes a branch to the 
specified address. The branch address is specified by a relative address. 


When the zero flag Z is set (1), the program advances to next step without any 
action. 


Status flags <: Not affected. 


a Cc 


(Note1) The cycles-count increases by 2 when a branch occurs. 
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B P L Branch on Result Plus | B P L 


Operation : When N=O, 


PC « PC + 2 + REL (REL is instruction’s second byte) 
PG <— PG + 1 (if carry on PC), PG < PG - 1 (if borrow on PC) 


When N=1, 
PC — PC +2 
PG <— PG +1 (if carry on PC) 


Description : When the negative flag N is clear (0), the BPL instruction causes a branch to the 
specified address. The branch address is specified by a relative address. 


When the negative flag N is set (1), the program advances to next step without 
any action. 


Status flags <: Not affected. 


(Note1) The cycles-count increases by 2 when a branch occurs. 
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BRA sucnamys BRA 


Operation 
For short relative branch, 
PC «— PC + 2 + REL (REL is instruction’s second byte) 
PG <— PG +1 (if carry on PC), PG — PG - 1 (if borrow on PC) 


For long relative branch, 


PC — PC + 3 + REL (REL is a numeric value represented by the instruc- 
tion’s second and third bytes) 


Description : The BRA instruction causes a branch to the specified address. The branch 
address is specified by a relative address. 


Status flags : Not affected. 


Relative BRA rr 8016, rr. 2 4 
| | BRAL  rrirre 8216, rr2, rr 3 4 
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B R K Force Break B R K 


Operation > PO «& PC +2 
M(S) <— PG 
S<¢_S-1 
M(S) — PCH 
S<S- 1 
M(S) — PCL 
S¢S-1 
M(S) <— PS 
S<_S-1 
M(S) «— PSi 
S<¢_S-1 
I< 1 
PC. — M(FFFAie) 


PCH <— M(FFFBie) 
PG < 0016 





Description : When the BRK instruction is executed, the CPU first saves the address where the 
next instruction is stored, and then saves the contents of the processor status 
register on the stack. Then, the CPU executes a branch to the address in bank- 
0 the lower portion of which is specified by the contents of FFFA‘6 in bank-0 and 
the upper portion specified by the contents of FFFBi6 in bank-0. 


Status flags | 
IPL: Not affected. 


N Not affected. 
V Not affected. 
m Not affected. 
x Not affected. 
D Not affected. 
| Set to 1. 

Z Not affected. 
C Not affected. 


Im implied = 





ee mode Syntax 
BRK #nn 


0016, oowEA 15 


(Note1) The instruction's second byte is ignored, so any value impossible. 
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BVC 


Operation 


Description 


Status flags 





Addressing mode 
a a 


Branch on Overflow Clear BVC 


When V=0, 
PC «+ PC + 2+ REL (REL is instruction’s second byte) 
PG <— PG +1 (if carry on PC), PG <— PG - 1 (if borrow on PC) 


When V=1,. 
PC « PC +2 
PG — PG + 1 (if carry on PC) 


When the overflow flag V is clear (0), the BVC instruction causes a branch to the 
specified address. The branch address is specified by a relative address. 


When the overflow flag V is set (1), the program advances to next step without 
any action. 


Not affected. 





(Note 1) The cycles-count increases by 2 when a branch occurs. 
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BVS 


Branch on Overflow Set BVS 





Operation 


Description 


Status flags 


When V=1, 


PC «— PC + 2 + REL (REL is instruction’s second byte) 

PG <— PG + 1 (if carry on PC), PG < PG - 1 (if borrow on PC) 
When V=0, 

PC — PC +2 

PG < PG + 1 (if carry on PC) 


When the overflow flag V is set (1), the BVS instruction causes a branch to the 
specified address. The branch address is specified by a relative address. 


When the overflow flag V is clear (0), the program advances to next step without 
any action. 


Not affected. 


(Note1)The cycles-count increases by 2 when a branch occurs. 
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CLB 


Operation 


Description 


Status flags 


Direct bit 





Absolute bit 


Clear Bit CLB | 


M <—MAIMM 


IMM is the bit pattern that specifies the bit positions that are to be cleared to 0. 
The bit positions that are to be cleared are indicated by 1 in IMM, and the bit po- 
sitions that are not to be cleared are indicated by 0 in IMM. : 


When the data length selection flag m is set to 1, IMM is placed in the third byte 
(direct bit addressing mode) or the fourth byte (absolute bit addressing mode) of 
the instruction. 


When the data length selection flag m is set to 0, IMM is placed in the third and 
fourth bytes (direct bit addressing mode) or the fourth and fifth bytes (absolute bit 
addressing mode) of the instruction. 


The CLB instruction clears the specified memory bits to 0. Multiple bits to be 
cleared can be specified at one time. 


Not affected. 





CLB #imm, dd 1416, dd, imm | 3 
CLB #imm, mmll 1Ci6, Il, mm, imm 4 


(Note1) The bytes-count increases by 1 when operating on 16-bit data with the data length selection 
flag m set to 0. 
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C LC Clear Carry Flag 


Operation © CeO 
Description : Clears the contents of carry flag C to 0. 


Status flags 

IPL: Not affected. 
Not affected. 
Not affected. 
Not affected. 
Not affected. 
Not affected. 
Not affected. 
Not affected. 
Cleared to 0. 


QoN™ oO * 3 2 2 





Addressing mode Syntax 


CLC 








15 


CLI 
Operation 


Description 


Status flags 


IPL : 


O-*~ 3< 2 


ON — 
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Clear Interrupt Disable Status | | CLI 
le 0 


Clears the interrupt disable flag | to 0. 


Not affected. 
Not affected. 
Not affected. 
Not affected. 
Not affected. 
Not affected. 


Cleared to 0. 


Not affected. 
Not affected. 





CLM 


Operation 


Description 


Status flags 


Implied 


Addressing mode 


IPL : 


ONO Os So eS 


m< 0 


Clear m Flag 


Clears the data length selection flag m to 0. 


Not affected. 
Not affected. 
Not affected. 
Cleared to 0. 
Not affected. 
Not affected. 
Not affected. 
Not affected. 
Not affected. 


CLM 


CLM 


2 





oe 


7/ 


| CLP | Clear Processor Status CL P 


Operation > PSt«— PS. A IMM 
(IMM is the immediate value. Its specified in the second byte of the instruction.) 





Description : Clears the processor status flags specified by the bit pattern in the second byte 
of the instruction to 0. 


Status flags <= The specifed flags are cleared. IPL is not affected. 


Addressing mode syntax 
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CLV Clear Overflow Flag CLV 


Operation > VeO 
Description : Clears the overflow flag V to 0. 


Status flags 

IPL: Not affected. 
Not affected. 
Cleared to 0. 
Not affected. 
Not affected. 
Not affected. 
Not affected. 
Not affected. 
Not affected. 


ON O* 3B 2 
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Operation 
Description 
Status flags 


IPL 
N 


CN ES SS 


_Compare 7 | | CG M P 
Acc M 


Subtracts the contents of memory from the contents of the accumulator. The 
accumulator and memory contents are not changed. 


Not affected. 


Set to 1 when bit 15 (or bit 7 if the data length selection flag m is set to 1) of 


the operation result is 1. Otherwise, cleared to 0. 

Not affected. 

Not affected. 

Not affected. 

Not affected. 

Not affected. 

Set to 1 when the result of operation is 0. Otherwise, cleared to 0. 

Set to 1 if the result of operation is 0 or larger. Otherwise, cleared to 0. 


Addressing mode Machine code Bytes 


Immediate 
Direct 

Direct indexed X 
Direct indirect 


Direct indexed X indirect C116, dd 
Direct indirect indexed Y Dii6, dd 


Direct indirect long 
Direct indirect long 
Absolute 


Absolute indexed X mmil, X DDie, Il, mm 
Absolute indexed Y mmil, Y D916, Il, mm 


Absolute long 
Absolute long inde 


Stack pointer relative A, nn,-S ~C3t6, nn 
Stack pointer relative A, (nn, S), Y D3i6, nn 
indirect indexed Y 





NO 


C916, imm 
C5i6, dd 
D516, dd 
D216, dd 


C716, dd 
indexed Y D716, dd 
mmil CDie, Il, mm 





hhmmil CFie, Il, mm, hh 
xed X A, hhmmil, X DFie, Il, mm, hh 


2 
2 
2 
2 
2 
2 
2 
2 
3 
3 
3 
4 
4 
; 
2 


ONNAAODARA AANOAWNA 





(Note1) This table applies when using the accumulator A. If using the accumulator B, replace “A” with “B”. 
In this case, “4216” is added at the beginning of the machine code, the bytes-count increases by 
1 and the cycles-count increases by 2. 

(Note2) When operating on 16-bit data in the immediate addressing mode with the data length selection 
flag m set to 0, the bytes-count increases by 1. 
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CPX Compare Memory and Index Register X CPX 


Operation >: X&-M 


Description :  Subtracts the contents of memory from the contents of the index register X. The 
index register X and memory contents are not changed. 


Status flags 
IPL: Not affected. 


Set to 1 when bit 15 (or bit 7 if the index register length selection flag x is set 
to 1) of the operation result is 1. Otherwise, cleared to 0. 


V Not affected. 
m Not affected. 
x : Not affected. 
D : Not affected. 
3 

Z 

C 


= 


Not affected. 
Set to 1 when the result of operation is 0. Otherwise, cleared to 0. 
Set to 1 if the result of operation is 0 or larger. Otherwise, cleared to 0. 


Immediate CPX #imm E016, imm 


Direct CPX dd E416, dd 
Absolute CPX mmll ECie, Il, mm 





(Note1) When operating on 16-bit data in the immediate addressing mode with the index register length 
selection flag x set to 0, the bytes-count increases by 1. | 
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_ Operation or oY eM 


Description :  Subtracts the contents of memory from the contents of the index register Y. The 


index register Y and memory contents are not changed. 


Status flags 
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IPL: Not affected. 


N : Set to 1 when bit 15 (or bit 7 if the index register length selection flag x is set 
to 1) of the operation result is 1. Otherwise, cleared to 0. 


Not affected. 

Not affected. 

Not affected. 

Not affected. 

Not affected. 

Set to 1 when the result of operation is 0. Otherwise, cleared to 0. 

Set to 1 if the result of operation is 0 or larger. Otherwise, cleared to 0. 


Oo*~ 306 


ON — 


Addressing mode 





Immediate CPY #imm C016, imm 
Direct : CPY dd C416,dd 
Absolute CPY mmll CCie, Il, mm 


(Note1) When operating on 16-bit data in the immediate addressing mode with the index register length se- 
lection flag x set to 0, the bytes-count increases by 1. 


DEC 


Decrement by One 


DEC 





Operation : Acc« Acc-1 or MeM-1 
Description : Subtracts 1 from the contents of the accumulator or memory. 
Status flags 
IPL: Not affected. 
N : Set to 1 when bit 15 (or bit 7 if the data length selection flag m is set to 1) of 


the operation result is 1. Otherwise, cleared to 0. 


V Not affected. 
m Not affected. 
Xx Not affected. 
D Not affected. 
| Not affected. 
Z 

C Not affected. 


Addressing mode Machine code 


Accumulator 

Direct 

Direct indexed X 
Absolute 

Absolute indexed X 


1At6 . 
C616, dd 
D616, dd 
CEie, Il, mm 
DEie, Il, mm 








Set to 1 when the result of operation is 0. Otherwise, cleared to 0. 


Bytes | Cycles 





(Note1) The accumulator addressing mode's specification in this table applies when using the accumulator 
A. If using the accumulator B, replace “A” with “B”. In this case, “4216” is added at the beginning 
of the machine code, the bytes-count increases by 1 and the cycles-count increases by 2. 
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D EX Decrement Index Register X by One DEX 


Operation > Ke X-1 
Description : Subtracts 1 from the contents of the index register X. 


Status flags 
IPL: Not affected. 


Set to 1 when bit 15 (or bit 7 if the index register length selection flag x is set 
to 1) of the operation result is 1. Otherwise, cleared to 0. 


Not affected. 


Pa 


V 

m Not affected. 

x : Not affected. 

D : Not affected. 

| Not affected. 

Z Set to 1 when the result of operation is 0. Otherwise, cleared to 0. 
C Not affected. | 
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DEY 


Operation 
Description 


Status flags 


IPL: 


Zz 


Implied 


Decrement Index Register Y by One DEY 
Ye Y-t1 


Subtracts 1 from the contents of the index register Y. 


Not affected. 


Set to 1 when bit 15 (or bit 7 if the index register length selection flag x is set 
to 1) of the operation result is 1. Otherwise, cleared to 0. 


Not affected. 
Not affected. 
Not affected. 
Not affected. 
Not affected. 
Set to 1 when the result of operation is 0. Otherwise, cleared to 0. 
Not affected. 





eee cat Le 
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DIV_ 


Operation 


a 


Divide : | D IV 


B(remainder), A(quotient) < (B, A) /M 





M(n+4) A | B 
ce [over] ~ 


lf m=1 


Description 


Status flags 
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IPL 
N 


V 


O * 3 


Bt 


| Dividend | + Divisor] = 


AL M(n 





When the data length selection flag m is set to 0, a 32-bit data stored in the 
accumulators B (upper 16 bits) and A (lower 16 bits) are divided by a 16-bit data 
in memory. The quotient is placed in the accumulator A, and the remainder is 
placed in the accumulator B. 


When the data length selection flag m is set to 1, a 16-bit data stored in the lower 
8 bits of the accumulators B (upper 8 bits) and A (lower 8 bits) are divided by an 
8 bit data in memory. The quotient is placed in the lower 8 bits of the 
accumulator A, and the remainder is placed in the lower 8 bits of the accumulator 
B. 


When an overflow results from this operation negrect removed out, the V flag is 


- set. 


When divisor is 0, the zero division interrupt is generated, in which case the 
contents of the processor status register are saved on the stack and a branch 
occurs to the address in bank-0 as specified by the zero division interrupt vector. 
Accumulator contents are not changed. 


Not affected. 


Set to 1 when bit 15 (or bit 7 if the data length selection flag m is set to 1) of 
quotient from the operation is 1. Otherwise, cleared to 0. 


Set to 1 when the quotient from the operation exceeds 16 bits (or 8 bits if the data 
length selection flag m is set to 1) (i.e., an overflow has occurred). Otherwise, — 
cleared to 0. No changes occur when divisor is 0. 


Not affected. 
Not affected. 
Not affected. 


: Not affected. 


Set to 1 when the quotient from the operation is 0. Otherwise, cleared to 0. No 
changes occur when divisor is 0. 


Set to 1 when the quotient from the operation exceeds 16 bits (or 8 bits if the data 
length selection flag m is set to 1) (i.e., an overflow has occurred). Otherwise, 
cleared to 0. No changes occur when divisor is 0. 





DIV Divide DIV | 


2/ 
29 
30 
31 
32 
33 
35 
36 
29 
31 
31 
31 
32 
30 
33 


immediate | 8916, 2916, imm 

Direct 8916, 2516, dd 

Direct indexed X 8916, 3516, dd 

Direct indirect 8916, 3216, dd 

Direct indexed X_ indirect 8916, 2116, dd 

Direct indirect indexed Y 8916, 3116, dd 

Direct indirect long 8916, 2716, dd 

Direct indirect long indexed Y 8916, 3716, dd 

Absolute 8916, 2Di16, Il, mm 

Absolute indexed X mmil, X 8916, 3Di6, Il ,mm 

Absolute indexed Y mmil, Y 8916, 3916, Il ,mm 

Absolute long hhmmil 8916, 2F ie, Il, mm, hh 

Absolute long indexed X hhmmil, X 8916, 3F 16, Il, mm, hh 

Stack pointer relative nn, S 8916, 2316, nn 

Stack pointer relative (nn, S), Y 8916, 3316, nn 
indirect indexed Y 





OwWoantrh BR RWW W WWW WwW Ww 

















(Note1) When operating on 16-bit data in the immediate addressing mode with the data length selection flag 
m set to 0, the bytes-count increases by 1. 

(Note2) The cycles-count in this table are for 16-bit + 8-bit operations. For 32-bit + 16-bit operations, the 
cycles-count increases by 16. 
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EOR Exclusive OR Memory with Accumulator EOR 


Operation : Acc — Acc VM 


Description : Performs the logical EXCLUSIVE OR between the contents of the accumulator 
and the contents of memory, and places the result in the accumulator. 


Status flags | 
IPL: Not affected. 


N : Set to 1 when bit 15 (or bit 7 if the data anath selection Nag m is set to 1) of 
the operation result is 1. Otherwise, cleared to 0. 


Not affected. 
Not affected. 
Not affected. 
Not affected. 
Not affected. 
Set to 1 when the result of operation is 0. Otherwise, cleared to 0. 
Not affected. 


ON TO * 3K 


Immediate | 4916, imm 
Direct | 4516, dd 

Direct indexed X 5516, dd 

Direct indirect 5216, dd 

Direct indexed X indirect | 4116, dd 

Direct indirect indexed Y 5116, dd 

Direct indirect long | | 4716, dd 

Direct indirect long indexed Y 5716, dd 
Absolute mmil 4Die, Il, mm 
Absolute indexed X mmil, X 5Die, Il, mm 
Absolute indexed Y | mmil, Y¥ 5916, Il, mm 
Absolute long hhmmil 4F ie, Il, mm, hh 
Absolute long indexed X hhmmil, X 5Fie, Il, mm, hh 
Stack pointer relative | nn, S 4316, nn 

Stack pointer relative (nn, S), Y 5316, nn - 

| indirect indexed Y 


NO 





2 
2 
2 
2 
2 
2 
2 
2 
3 
3 
3 
4 
4 
2 
2 


OMNMAMARA A DVNOHUHA 





(Note1) This table applies when using the accumulator A. If using the accumulator B, replace “A” with “B”. 
In this case, “4216” is added at the beginning of the machine code, the bytes-count increases by 
1 and the cycles-count increases by 2. 

(Note2) When operating on 16-bit data in the immediate addressing mode with the data length selection flag 
m set to 0, the bytes-count increases by 1. 
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INC 


Operation 


Description 


Status flags 
IPL : 
N 


oxg< 


ON - 


increment by One INC 


Acc « Acc+1 or MeM +1 





Adds 1 to the contents of the accumulator or memory. 


Not affcted. 


Set to 1 when bit 15 (or bit 7 if the data length selection flag m is set to 1) of 
the operation result is 1. Otherwise, cleared to 0. 


Not affected. 
Not affected. 
Not affected. 
Not affected. 
Not affected. 
Set to 1 when the result of operation is 0. Otherwise, cleared to 0. 
Not affected. 


Addressing mods 


Accumulator 
Direct 


Direct indexed X 
Absolute 
Absolute indexed X : FE16, ll, mm 


3A16 

E616, dd 
F616, dd 
EE16, Il, mm 





(Note1) The accumulator addressing mode's specification in this table applies when using the accu- 
mulator A. If using the accumulator B, replace “A” with “B”. In this case, “4216” is added at 
the beginning of the machine code, the bytes-count increases by 1 and the cycles-count 
increases by 2. 
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INX Increment Index Register X by One | | INX 





Operation > XeX4+1 
Description : Adds 1 to the contents of the index register X. - 


Status flags | | 
IPL: Not affected. 


>: - Set to 1 when bit 15 (or bit 7 if the index register length selection flag x is set 
_ to 1) of the operation result is 1. Otherwise, cleared to 0. 


V Not affected. 
m Not affected. 
x : Not affected. 
D : Not affected. 
ae 

Z 

C 


as 


Not affected. 
Set to 1 when the result of operation is 0. Otherwise, cleared to 0. 
Not affected. | 









‘Addressing mode 
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INY Increment Index Register _Y by One INY 


Operation © Ye Yi 
Description : Adds 1 to the contents of the index register Y. 


Status flags 
IPL: Not affected. 


N : Set to 1 when bit 15 (or bit 7 if the index register length selection flag x is set 
to 1) of the operation result is 1. Otherwise, cleared to 0. 


Not affected. 
Not affected. . 
Not affected. 
Not affected. 
Not affected. 
Set to 1 when the result of operation is 0. Otherwise, cleared to 0. 
Not affected. 


ON TO * 3 
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JMP 





Operation 


Description 


Status flags 


Jump | | | JMP 


If absolute addressing mode, 
PC. — AD 
PCH — ADH 


lf absolute long addressing mode, 
PC. — AD 
PCy <— ADn 
PG <« ADse 


If absolute indirect addressing mode, 
PCt <— (ADu, AD.) 
PCH <— (ADu, ADi + 1) 


If absolute indirect long addressing mode, 
PCt <— (ADu, ADL) | 
PCH < (ADu, ADi + 1) 

PG <— (ADun, AD + 2) 


lf absolute indexed X indirect addressing mode, 
PC. <— (ADu, AD: + X) 
PCH < (ADu, ADi + X + 1) 


(AD., ADy and ADe specify the instruction’s second, third and fourth bytes, re- 
spectively.) 


The JMP instruction causes a jump to the address specified for the addressing 
mode in use. 


Not affected. 


Addressing mode _ | 


Absolute 
Absolute long | 


Absolute indirect 
Absolute indirect 


JMP mmil ACie, Il, mm 

JMPL hhmmil | 5Cie, Il, mm, hh 

JMP_ (mmll) 6Cie, Il, mm 
long JMPL (mmil) DCie, Il, mm 


Absolute indexed X indirect | JMP (mmll, X) 7Cie, Il, mm 


92 





JSR 


Operation 


Description 


Status flags 






Absolute 





Addressing mode 


Absolute long 
Absolute indexed X indirect 


Jump to Subroutine J S R 


If absolute addressing mode, 
M(S) <— PCH 
S<¢+S-1 
M(S) — PC. 
S¢S-1 
PC. — ADL 
PCy < ADn 


If absolute long addressing mode, 
M(S) <— PG 
S¢_S-1 
M(S) <— PCu 
S<¢S-1 
M(S) — PCr 
S<+S-1 
PC. — ADt 
PCH <« ADu 


PG — ADc 


If absolute indexed X indirect addressing mode, 
M(S) <— PC. 
S<¢_S-1 | 
M(S) <— PCt 
S<«S-1 
PCi <— (AD, ADi + X) 
PCy «— (ADu, AD. + X + 1) 


(AD., ADH and ADe specify the instruction’s second, third and fourth bytes, re- 
spectively.) 


The contents of the program counter PC (or the program bank register PG and 
the program counter PC if absolute long addressing mode) are first saved on the 
stack, then a jump occurs to the address shown for each addressing mode. 


Not affected. 


JSR mmil 
JSRL hhmmll 
JSR (mmil, X) 


2016, Il, mm 
2216, ll, mm, hh 
FCie, Il, mm 
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LDA 


; LDA 


Load Accumulator from Memory 


"Operation Acc <— M 


Description Loads the contents of memory into the accumulator. 
Status flags 
IPL: Not affected. 


N : Set to 1 when bit 15 (or bit 7 if the data length selection flag m is set to 1) of 
the operation result is 1. Otherwise, cleared to 0. 


Not affected. 
Not affected. 
Not affected. 
Not affected. 
Not affected. 
Set to 1 when the result of operation is 0. Otherwise, cleared to 0. 
Not affected. 


GD) Pe. SSA 


ON — 


Addressing mode Machine code 


Immediate AQie6, imm 
Direct A5i6, dd 
Direct indexed X B516, dd 
Direct indirect B216, dd 
Direct indexed X indirect Alie, dd 
Direct indirect indexed Y Biie, dd 
Direct indirect long A716, dd 
Direct indirect long indexed Y B716, dd 
Absolute | AD1e, Il, mm 








Absolute indexed X 
Absolute indexed Y 
Absolute long 


mmill, X BDie, il, mm 
mmll, Y B91, Il, mm 
hhmmil AF ie, |l, mm, hh 


Absolute long indexed X 
Stack pointer relative 
Stack pointer relative 

indirect indexed Y 


BFte, ll, mm, hh 
A316, nn 
B3i6, nn 


2 
2 
2 
2 
2 
2 
2 
2 
3 
3 
3 
4 
4 
2 
2 


ODUM nt nnont +- | DAN DO FS NM 





(Note1) This table applies when using the accumulator A. If using the accumulator B, replace “A” with “B”. 
In this case, “4216” is added at the beginning of the machine code, the bytes-count increases by 
1 and the cycles-count increases by 2. | = 

(Note2) When operating on 16-bit data in the immediate addressing mode with the data length selection flag 
m set to 0, the bytes-count increases by 1. 
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L D M Load Immediate to Memory L D M 


Operation - M «IMM (IMM is an immediate value) 
Description : Loads an immediate value into memory. 
Status flags -: Not affected. 


Direct #imm, dd 6416, dd, imm 
Direct indexed X #imm, dd, X 7416, dd, imm 


Absolute #imm, mmil 9Ci6, Il, mm, imm 
Absolute indexed X #imm, mmil, X 9E16, Il, mm, imm 








(Note1) When operating on 16-bit data with the data length selection flag m set to 0, the bytes-count 
increases by 1. 
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LDT | Load Immediate to Data Bank Register | | LDT 


Operation |: DT < IMM (IMM is an immediate value) 


Description : Loads an immediate value into the data bank register DT. 
Status flags : Not affected. 





Addressing mode 
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LDX 


Operation 
Description 


Status flags 


IPL : 


N 


Oo * 3 < 


ON 7 


Load Index Register X from Memory LDX 


X<M 


Loads the contents of memory into the index register X. 


Not affected. 


Set to 1 when bit 15 (or bit 7 if the index register length selection flag x is set 
to 1) of the operation result is 1. Otherwise, cleared to 0. 


Not affected. 
Not affected. 
Not affected. 
Not affected. 
Not affected. 
Set to 1 when the result of operation is 0. Otherwise, cleared to 0. 
Not affected. 


Addressing mode Machine code Bytes 


Immediate 
Direct 


Direct indexed Y 
Absolute 
Absolute indexed Y BEie, Il, mm 





A2ie6, imm 
A6ie, dd 
B6i6, dd 
AEs, Il, mm 














(Note1) When operating on 16-bit data in the immediate addressing mode with the index register length se- 
lection flag x set to 0, the bytes-count increases by 1. 
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L DY | | | Load Index Register Y from Memory | LD Y 


Operation : Ye M 





Description : Loads the contents of memory into the index register Y. 


Status flags 
IPL: Not affected. 


Set to 1 when bit 15 (or bit 7 if the index register length selection flag x is set 
to 1) of the operation result is 1. Otherwise, cleared to 0. 


V Not affected. 
m Not affected. 
x : Not affected. 
D : Not affected. 
| 
Z 
C 


z 


Not affected. 
Set to 1 when the result of operation is 0. Otherwise, cleared to 0. 
Not affected. 


Addressing mode Syntax Machine code 


Immediate . A0Oie, imm 
Direct A4ie, dd 


Direct indexed X f B46, dd 
Absolute ACie, |], mm 
Absolute indexed X , BCie, Il, mm 














(Note1) When operating on 16-bit data in the immediate addressing mode with the index register length se- 
lection flag x set to 0, the bytes-count increases by 1. 
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LSR 


Operation 
When m=0 





When m=1 


Logical Shift Right 


b7 bo 
om [TTI TIT P(e 


Description <: Shifts all bits of the accumulator or memory one place to the right. Bit 15 (or bit 
7 if the data length selection flag m is set to 1) of the accumulator or memory is 


loaded with 0. 


The carry flag C is loaded from bit 0 of the data before the shift. 


Status flags 
IPL: Not affected. 


Not affected. 
Not affected. 
Not affected. 
Not affected. 
Not affected. 


Ooo. Se sz 


Addressing mode 


Accumulator 

Direct 

Direct indexed X 
Absolute 

Absolute indexed X 





Cleared to “0”. 





Set to 1 when the result of operation is 0. Otherwise, cleared to 0. 
Set to 1 when bit 0 before the operation is 1. 


Machine code 
4Ai6 

4616, dd 

5616, dd 


A4E16, Il, mm 
5E16, Il, mm 





Otherwise, cleared to 0. 








(Note1) The accumulator addressing mode's specification in this table applies when using the accumulator 
A. If using the accumulator B, replace “A” with “B”. In this case, “4216” is added at the beginning 


of the machine code, the bytes-count increases by 1 and the cycles-count increases by 2. 
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MPY | Multiply | | | MPY | 


Operation ©: B,A «— AXxM 


Description : When the data length selection flag m is set to 0, The contents of the accumulator 
| A and the contents of memory are multiplied. Multiplication is performed as 16- 
bit x 16-bit, and the result is a 32-bit data which is placed in the accumulators B 
(upper 16 bits of the result) and A (lower 16 bits of the result). 
When the data length selection flag m is set to 1, the lower 8-bit contents of the 
accumulator A and the contents of memory are multiplied. Multiplication is 
performed as 8-bit x 8-bit, and the result is a 16-bit data which is placed in the 
lower 8 bits of the accumulators B (upper 8 bits of the result) and A (lower 8 bits 
of the result). 


Status flags 
IPL: Not affected. 


Set to 1 when bit 31 (or bit 15 if the data length selection flag m is set to 1) of 
_ the operation result is 1. Otherwise, cleared to 0. 


V Not affected. 
m Not affected. 
x : Not affected. 
D : Not affected. 
| 
Z 
C 


Zz 


Not affected. 
Set to 1 when the result of operation is 0. Otherwise, cleared to 0. 
Not affected. 


Immediate 8916, 0916, imm 

Direct ! 8916, 0516, dd 

Direct indexed X 8916, 1516, dd 

Direct indirect 8916, 1216, dd 

Direct indexed X_ indirect 8916, O116, dd 

Direct indirect indexed Y 8916, 1116, dd 

Direct indirect long 8916, 0716, dd 

Direct indirect long indexed Y 8916, 1716, dd 

Absolute mmil | 8916, ODie, Il, mm 

Absolute indexed X _ mmil, X 8916, 1Die, Il, mm 

Absolute indexed Y mmil, Y 8916, 1916, Il, mm 

Absolute long hhmmil 8916, OF 16, Il, mm, hh 

Absolute long indexed X hhmmil, X 8916, 1Fi6, ll, mm, hh 

Stack pointer relative ANS 5 8916, 0316, nn 

Stack pointer relative (nn, S), Y 8916, 1316, nn 
indirect indexed Y 





Owonntth AA WWW WWW WwW Ww 





(Note1) When operating on 16-bit data in the immediate addressing mode with the data length selection flag 
m set to 0, the bytes-count increases by 1. 


(Note2) The cycles-count in this table are for 8-bit x 8-bit multiplications. For 16-bit x 16-bit multiplications, 
the cycles-count increases by 8. | 
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M V N Move Negative M V N | 


Operation » Mn ~ Mask < Mm ~ Meek 


Description : Normally, a block of data is transferred from upper addresses to lower 
addresses. The transfer is performed in the ascending address order of the 
block being transferred. The target bank is specified by the instruction’s 
second byte, and the address within the target bank is specified by the 
contents of the index register Y. The source bank is specified by the 
instruction’s third byte, and the address within the source bank is specified 
by the contents of the index register X. The accumulator A is loaded with the 
bytes-count of the data to be transferred. As each byte of data is transferred, 
the index registers X and Y are incremented by 1, so that the index register 
X will become a value equal to 1 larger than the source address of the last 
byte transferred and the index register Y will become a value equal to 1 
larger than the target address of the last byte received. The data bank 
register DT will become the terget bank number, and the accumulator A will 
become FFFFte. 


The accumulator A is affected by flag m. The index register X and Y are 
affected by flag x. 


When the contents of the accumulator A is “OQOi16’, the data are not trans- 
ferred. 


Status flags : Not affected. 


Addressing mode 





(Note1) The cycles-count shown above is for when the number of bytes transferred, i, is an even 
number. If | is an odd number, the cycles-count is obtained as follows: 
7+ (i+ 2) x 7 + 4. 
Note that (| + 2) denotes the integer part of the result of dividing i by 2. 
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MVP 


Description 


Status flags 






Addressing mode 


Move Positive | | . Mi V Pp 


Mn-k ~ Mn — Mok ~ Mm 





Normally, a block of data is transferred from lower addresses to upper 
addresses. The transfer is performed in the descending address order of 
the block being transferred. The target bank is specified by the instruction’s 
second byte, and the address within the target bank is specified by the 
contents of the index register Y. The source bank is specified by the 


-instruction’s third byte, and the address within the source bank is specified 


by the contents of the index register X. The accumulator A is loaded with the 
bytes-count of the data to be transferred. As each byte of data is transferred, 
the index registers X and Y are decremented by 1, so that the index register 
X will become a value equal to 1 less than the source address of the last 
byte transferred and the index register Y will become a value equal to 1 
smaller than the target address of the last byte received. The data bank 
register DT will become the target bank number, and the accumulator A will 
become FFFFte. 


The accumulator A is affected by flag m. The index register X and Y are 
affected by flag x. 


When the contents of the accumulator A is “OOie”, the data are not trans- 
ferred. 


Not affected. 





(Note1) The cycles-count shown above is for when the number of Bes transferred, i, is an even 


number. 
9+(i+ 2)x 7+ 5. 


If i is an odd number, the cycles-count is obtained as follows: 


Note that (i + 2) denotes the integer part of the result of dividing i by 2. 
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N O Pp | No Operation N O P 


Operation > PC « PC +1 
PG <— PG + 1 (if carry on PC) 





Description :_ This instruction only causes the program counter to be incremented by 1 and 


nothing else. 
Status flags <: Not affected. 
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O RA | OR Memory with Accumulator OR A 


Operation - Acc <— Acc VM 


Description : Performs the logical OR between the contents of the accumulator and the con- 
tents of memory, and places the result in the accumulator. 


Status flags 
IPL: Not affected. 


Set to 1 when bit 15 (or bit 7 if the data length selection flag m is set to 1) of the 
operation result is 1. Otherwise, cleared to 0. 


V Not affected. 
m Not affected. 
x : Not affected. 
D : Not affected. 
| 
Z 
C 


z 


Not affected. | 
Set to 1 when the result of operation is 0. Otherwise, cleared to 0. 
Not affected. | | 








Cycles 
Immediate ORA A, #imm 0916, imm 2 2 
Direct ORA A, dd 10516, dd 2 4 
Direct indexed X ORA A, dd, X 1516, dd 2 5 
Direct indirect ORA A, (dd) 1216, dd 2 6 
Direct indexed X indirect ORA A, (dd, X) O116, dd 2 i 
Direct indirect indexed Y ORA A, (dd), Y_ 1116, dd 2 8 
Direct indirect long . |ORAL A, (dd) 0716, dd 2 10 
Direct indirect long indexed Y | ORAL A, (da), Y 1716, dd 2 11 
Absolute ORA A, mmll — ODie, Il, mm 3 4 
Absolute indexed X ORA A, mmil, X 1Die, Il, mm 3 6 
Absolute indexed Y ORA A, mmil, Y 1916, Il, mm 3 6 
Absolute long ORA A, hhmmil OF 16, Il, mm, hh 4 6 
Absolute long indexed X ORA A, hhmmil, X 1Fi6, Il, mm, hh 4 7 
Stack pointer relative ORA A, nn, S 0316, nn 2 ‘5 
Stack pointer relative ORA A, (nn, S), Y 1316, nn 2 8 
indirect indexed Y 





(Note1) This table applies when using the accumulator A. If using the accumulator B, replace “A” with “B”. — 
In this case, “4216” is added at the beginning of the machine code, the bytes-count increases by 1 
and the cycles-count increases by 2. 

(Note2) When operating on 16-bit data in the immediate addressing mode with the data length selection flag 
m set to 0, the bytes-count increases by 1. 
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P EA Push Effective Address P EA 





Operation : M(S) <— IMMz2 — (IMMz is the immediate value specified by the instruction’s third byte) 
S<S-1 
M(S) <— IMM: _— (IMMt1 is the immediate value specified by the instruction’s second byte) 
S<S$-1 

Description : The instruction’s third and second bytes are saved on the stack in this order. 

Status flags : Not affected. 
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PEI 


Operation 


Description 


Status flags 


~ 106 


Stack 


Push Effective Indirect Address 4 P El 





M(S) <— M (DPR + IMM + 1) 


S<_S-1 
M(S) <— M (DPR + IMM) 
S<S-1 


DPR represents the contents of the direct page register, and IMM represents 
the offset address within the direct page as specified by the instruction’s 
second byte. 


Saves the contents of the consecutive 2 bytes in the direct page as specified by 
the sum of the contents of the direct page register DPR and the instruction’s 
second byte on the stack in the order of upper address first and lower address 
second. 


Not affected. 


PEI #imm D416, imm 





Pp E R Push Effective Program Counter Relative Address P E R 





Operation >: EAR — PC + IMMae, IMM; 
M(S) <— Upper byte of EAR 
S<¢<S-1 
M(S) <— Lower byte of EAR 
S<S-1 


EAR represents the value obtained by adding the 16-bit data represented by “IMMa, 
IMM1” and the contents of the program counter. IMMz and IMM: represent the 
instruction’s third and second bytes, respectively, and “IMMz, IMM,” represents a 16-bit 
data with IMMe2 being the upper byte and IMM: being the lower byte. 


Description : Saves the result of adding a 16-bit data consisting of an upper byte specified by 
the instruction’s third byte and a lower byte specified by the instruction’s second 
byte with the contents of the program counter on the stack in the order of the 
result’s upper byte first and lower byte second. 


Status flags <: Not affected. 
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P H A | Push Accumulator A on Stack 7 P HA 





Operation : If m=0, lf m=1, 
M(S) — An M(S) <— Av 
S<S-1 S«S-1 
M(S) — AL | 
S<_S-1 
Description : Saves the contents of the accumulator A to the address specified by the stack 


pointer S. When the data length selection flag m is set to 0, the accumulator A’s 
upper byte is saved on the stack first and then the lower byte. When the data 
length selection flag m is set to 1, only the accumulator A’s lower byte is saved 
on the stack. 


Status flags : Not affected. 


Addressing mods Synta 


P H B Push Accumulator B on Stack P H B 





Operation : If m=0, If m=1, 
M(S) — Bu M(S) — Bu 
S<S-1 S«¢_S-1 
M(S) © Bu 
S<«+S-1 
Description : Saves the contents of the accumulator B to the address indicated by the stack 


pointer S. When the data length selection flag m is set to 0, the accumulator B’s 
upper byte is saved on the stack first and then the lower byte. When the data 
length selection flag m is set to 1, only the accumulator B’s lower byte is saved 
on the stack. 


Status flags : Not affected. 









Addressing mode Syntax Machine code Bytes | Cycles 
a ele 
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P H D | Push Direct Page Register on Stack PH D 


Operation >  M(S) — DPRu 
S<S-1 
M(S) — DPRi 
S<S-1 
Description : Saves the contents of the direct page register DPR to the address indicated by 


the stack pointer S in the order of upper byte first and then lower byte. 


Status flags : Not affected. 


Addressing mode Machine code | Bytes 





Stack OBie 1 4 
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P H G Push Program Bank Register on Stack P H G 


Operation >  M(S) — PG 
S¢S-1 
Description : Saves the contents of the program bank register to the address indicated by the 


stack pointer S. 


Status flags <:- Not affected. 






Addressing mode Machine code Bytes 
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PHP 


Push Processor Status on Stack | . PH P | 





Operation | 


Description 


Status flags 
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Addressing mode 


M(S) <— PSuH 
S<S-1 
M(S) — PS: 
S<S-1 


: . Saves the contents of the processor status register PS to the address indicated 


by the stack pointer S in the order of upper byte and then lower byte. 


Not affected. 





PHT Push Data Bank Register on Stack PHT 


Operation > M(S) — DT 
S<¢-S-1 
Description : Saves the contents of the data bank register DT to the address indicated by the 


stack pointer S. 


Status flags : Not affected. 


Aiceoustig tote 
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HX a Push Index Register X on Stack a PHX 





Operation > If x=0, | lt x=4;, 
M(S) <— Xu M(S) <— X: 
S<«S-1 S<S-1 
M(S) — Xt 
S<S$-1 
Description Saves the contents of the index register X to the address indicated by the stack 
pointer S. When the index register length selection flag x is set to 0, the contents 
are saved in the order of upper byte and then lower byte. When the index register 
length selection flag x is set to 1, only the lower byte is saved on the stack. 
Status flags : Not affected. 





a ot oe 
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P H Y Push Index Register Y on Stack Pp H Y 


Operation > If x=0, If x=1, 
M(S) <— Yu M(S) < YL 
S<-sS- S<S-1 
M(S) © Yt 
S<«_S-1 
Description : Saves the contents of the index register Y to the address indicated by the stack 


pointer S. When the index register length selection flag x is set to 0, the contents 
are saved in the order of upper byte and then lower byte. When the index register 
length selection flag x is set to 1, only the lower byte is saved on the stack. 


Status flags <: Not affected. 


Addressing mode Syntax Machine code 
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PLA 


Operation 


Description 


Status flags 


IPL : 


N 


O* 3 < 


NJoo™ 


Pull Accumulator A from Stack | P LA 





If m=0, ° | lf m=1, 
S<«S+1 | S<«S+1 
A. — M(S) AL. M(S) 
Se St | 
Au — M(S) 


The stack pointer S is incremented, and then restores the lower byte of the 
accumulator A with the data at the address indicated by the stack pointer S. 
Again, increments the stack pointer S and then restores the upper byte of the ac- 
cumulator A with the data at the address indicated by the stack pointer S. When 
the data length selection flag m is set to 0, 2 bytes data are restored. When the 
data length selection flag m is set to 1, only 1 byte data is restored (to the lower 
byte of the accumulator A). 


Not affected. 


Set to 1 when bit 15 (or bit 7 if the data length selection flag m is set to 1) of the 
operation result is 1. Otherwise, cleared to 0. 


Not affected. 

Not affected. 

Not affected. 

Not affected. 

Not affected. | 

Set to 1 when the result of operation is 0. Otherwise, cleared to 0. 
Not affected. 
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PLB 


Operation 


Description 


Status flags 


IPL : 


N 


Os 3 <5 


N77 


Stack 


Pull Accumulator B from Stack P L B 
If m=0, lf m=1, 
S<¢S+1 S<¢_S$+1 
B. <— M(S) Bu <— M(S) 
S<¢<_S$S+1 
Bu < M(S) 


The stack pointer S is incremented, and then restores the lower byte of the 
accumulator B with the data at the address indicated by the stack pointer S. 
Again, increments the stack pointer S and then restores the upper byte of the 
accumulator B with the data at the address indicated by the stack pointer S. 
When the data length selection flag m is set to 0, 2 bytes data are restored. 
When the data length selection flag m is set to 1, only 1 byte data is restored (to 
the lower byte of the accumulator B). 


Not affected. 

Set to 1 when bit 15 (or bit 7 if the data length selection flag m is set to 1)of 
the operation result is 1. Otherwise, cleared to 0. 

Not affected. 

Not affected. 

Not affected. 

Not affected. 

Not affected. 

Set to 1 when the result of operation is 0. Otherwise, cleared to 0. 

Not affected. 


Addressing mode | Syntax Machine code | Bytes | Cycles 


PLB 4216, 6816 
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Operation : S<—S#1 


DPR. <— M(S) 
S<S+1 
DPRxy <— M(S) | 
Description : The stack pointer S is incremented, and then restores the lower byte of the direct. 


page register DPR with the data at the address indicated by the stack pointer S. 
Again, increments the stack pointer S and then restores the upper byte of the 
direct page register DPR with the data at the address indicated by the stack 
pointer S. 


Status flags : Not affected. 
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P L P Pull Processor Status from Stack P L Pp 





Operation © Se S++ 
PS. — M(S) 
S¢_S+1 
PSH <— M(S) 
Description : The stack pointer S is incremented and then restores the lower byte of the 


processor status register PS with the data at the address indicated by the stack 
pointer S. Again, increments the stack pointer S and then restores the upper byte 
of the processor status register PS with the data at the address indicated by the 
stack pointer S. 


Status flags : Changes to the values restored from the stack. 








a 
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PLT 


Operation 


Description 


Status flags 


IPL : 


O* 3< 2 


NJ 
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Pull Data Bank Register from Stack PLT 


Se S41. 
DT <— M(S) 


The stack pointer S is incremented, and then the data bank register DT is 


restored with the data at the address indicated by the stack pointer S. © 


Not affected. | 

Set to 1 when bit 7 of the operation result is 1. Otherwise, cleared to 0. 
Not affected. | 

Not affected. 

Not affected. 


‘ . Not affected. 


Not affected. 
Set to 1 when the result of operation is 0. Otherwise, cleared to 0. 
Not affected. 








Pp LX Pull Index Register X from Stack Pp LX 
Operation If x=0, If x=1, 

S<¢-S+1 Se S44 

X. < M(S) X. — M(S) 

S¢S+1 

XH < M(S) 
Description The stack pointer S is incremented, and then restores the lower byte of the index 


Status flags 


IPL : 


2. 


register X with the data at the address indicated by the stack pointer S. Again, 
increments the stack pointer S and then restores the upper byte of the index 
register X with the data at the address indicated by the stack pointer S. When 
the index register length selection flag x is set to 0, 2 bytes are restored. When 
the index register length selection flag x is set to 1, only 1 byte is restored (to the 
lower byte of the index register X). 


Not affected. 


Set to 1 when bit 15 (or bit 7 if the index register length selection flag x is set 
to 1) of the operation result is 1. Otherwise, cleared to 0. 


Not affected. 
Not affected. 
Not affected. 
Not affected. 
Not affected. 
Set to 1 when the result of operation is 0. Otherwise, cleared to 0. 
Not affected. 


Addressing mode | Machine code | Bytes | Cycles 


Stack 


i 


| FAte | 1 5 








P LY Pull Index Register Y from Stack | P LY 
Operation ‘If x=0, | | lf x=1, _ 
| S«¢S$+1 S<_S+1 
Yi. — M(S) | Yi. <— M(S) 
S¢—S$4+1 
Yu — M(S) 
Description The stack pointer S is incremented, and then restores the lower byte of the index 


Status flags 


IPL : 
N 


—ox« 3 < 


OQ N 


register Y with the data at the address indicated by the stack pointer S. Again, 
increments the stack pointer S and then restores the upper byte of the index 
register Y with the data at the address indicated by the stack pointer S. When 
the index register length selection flag x is set to 0, 2 bytes are restored. When 
the index register length selection flag x is set to 1, only 1 byte is restored (to the 
lower byte of the index register Y). 


Not affected. 


Set to 1 when bit 15 (or bit 7 if the index register length selection flag x is set 
to 1) of the operation result is 1. Otherwise, cleared to 0. 


Not affected. 
Not affected. 
Not affected. 
Not affected. 
Not affected. 
Set to 1 when the result of operation is 0. Otherwise, cleared to 0. 
Not affected. 


Addressing mode Machine code 
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PSH Push PSH 


Operation : M(S) — A, B, X, Y, DPR, DT, PG or PS 





Description :_ This instruction’s second byte specifies the registers to be saved. The registers 
corresponding to the bits in the second byte that are 1 are saved on the stack. 
The bit and register correspondence is as shown below: 


b7 bo 
| PS {| PG | DT | DPR{Y {| X [| B [A | 


< Saved on the stack in this order. 


Status flags : Not affected. 





(Note1) To the cycles-count shown above, the values shown below are added depending on the registers 
being saved. The count is 12 cycles when no registers are saved. ii in above table represents 
the number of registers (chosen from A, B, X, Y, DPR and PS) to be saved, and iz represents the 
number of registers (chosen from DT and PG) to be saved. 


[Register type | PS | PG | DT | DPR] Y | X | BA. 
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PSH 


Push 


PSH 





NO 


NO 


G 


Ov 


Me 


NO 








124 


PUL 


Operation 


Description 


Status flags 






Pull P U L 


M(S) > A, B, X, Y, DPR, DT or PS 





This instruction’s second byte specifies the registers to be restored. The registers 
corresponding to the bits in the second byte that are 1 are restored from the 
stack. The bit and register correspondence is as shown below: 


b7 bo 





Restored from the stack in this order. > 


(Note) The contents of accumulator B's higher 8-bit will be changed, when PUL instruction 
is executed with m=0 and the restored registor including PS whose m=1. 


When bit 7 of the instruction’s second byte is 1, specifying that the program 
status register PS is to be restored, the status flags are restored to the values 
that had been restored from the stack. Otherwise, the status flags are not 
affected. 






(Note1) To the cycles-count shown above, the values shown below are added depending on the registers 
being restored. The count is 14 cycles when no registers are restored. i: in above table represents 
the number of registers (chosen from A, B, X, Y, PS and DT) to be saved. iz=1 if DPR is to be. 
restored, and i2=0 if DPR is not to be restored. 


Register type Ps or | per | y {| x | B | A_ 





Syebes-cont [8 [3] 4 pa 
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PUL 
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S <— S+1 
DPRL< M(S) 
S< S+1 
DPRH « M(S) 


<TH 












S< S+1 
Yt < M(S) 


S< S+1 
YL < M(S) 
S <— S+1 
YH <— M(S) 












Se S++ 
XL <— M(S) 


S< S+1 
XL <— M(S) 
S< S+1 
XH <- M(S) 









BL — M(S) BL< M(S 
S <— S+1 


BH — M(S) 









S — S+1_ S<— S+1 
AL <— M(S) AL — M(S) 
S — S+1 








AH < M(S) 


H LA Rotate Left Accumulator A R LA 


Operation 





If m=0, rotate n bits to left (n=0-65535) 





Description : The contents of the accumulator A are rotated to the left by n bits. The value 
of n is specified by the instruction’s third byte (or third and fourth bytes when 
m=0). 

Status flags =<: Not affected. 





Immediate RLA #imm 8916, 4916, imm 6+) 


i: Number of rotation 
(Note1) When the data length selection flag m is 0, the bytes-count increases by 1. 
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ROL 


Operation 


Rotate One Bit Left | | | RO L 





Description 


Status flags 
IPL : 
N 


V 
m 
X 

D 
| 

Z 
C 


The carry flag C is linked to the accumulator or memory, and the combined 
contents are rotated by 1 bit to the left. 


Bit O of the accumulator or memory is loaded with the content of the carry flag 
C before execution of this instruction, and the carry flag C is loaded with the 
content of bit 15 (or bit 7 if the data length selection flag mis set to 1) of the 
accumulator or memory before execution of this instruction. 


Not affected. 


Set to 1 when bit 15 (or bit 7 if the data length selection flag m is set to 1) of 
the operation result is 1. Otherwise, cleared to 0. 


Not affected. 

Not affected. 

Not affected. 

Not affected. 

Not affected. | 

Set to 1 when the result of operation is 0. Otherwise, cleared to 0. 


Set to 1 when bit 15 (or bit 7 if the data length selection flag m is set to 1) before 
execution of the instruction is 1. Otherwise, cleared to 0 


Addressing mode 


2Ai6 
2616, dd 


Accumulator 
Direct 

Direct indexed X 
Absolute 


3616, dd 
2E16, Il, mm 





Absolute indexed x 3E16, Il, mm 


(Note1) The accumulator addressing mode's specification in this table applies when using the accumulator 
A. If using the accumulator B, replace “A” with “B”. In this case, “4216” is added at the beginning 
of the machine code, the bytes-count increases by 1 and the cycles-count increases by 2. 
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ROR 


Operation 


Rotate One Bit Right R O R 








Description 


Status flags 
IPL 
N 


ON7-7 Ox 3< 


The carry flag C is linked to the accumulator or memory, and the combined 
contents are shifted by 1 bit to the right. 


Bit 15 (or bit 7 if the data length selection flag m is set to 1) of the accumula- 
tor or memory is loaded with the content of the carry flag C, and the carry flag 
C is loaded with the content of bit 0 of the accumulator or memory before 
execution of this instruction. 


Not affected. 


Set to 1 when bit 15 (or bit 7 if the data length selection flag m is set to 1) of 
the operation result is 1. Otherwise, cleared to 0. 


Not affected. 
Not affected. 
Not affected. 
Not affected. 
Not affected. 
Set to 1 when the result of operation is 0. Otherwise, cleared to 0. 


Set to 1 when bit 0 before execution of the instruction is 1. Otherwise, cleared 


to 0. 


Accumulator 


Direct 


Direct indexed X 
Absolute 


Absolute indexed X 7E1e, Il, mm 





6At6 

6616, dd 
7616, dd 
6E16, Il, mm 





(Note1) The accumulator addressing mode's specification in this table applies when using the accumulator 
A. If using the accumulator B, replace “A” with “B”. In this case, “4216” is added at the beginning 
of the machine code, the bytes-count increases by 1 and the cycles-count increases by 2. 
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RTI Return from Interrupt | | | | RTI 


Operation Z S54 
PS. — M(S) 
S<«<S+1 
PSH <— M(S) 
S«—S$+1 
PC. <— M(S) 
S¢S+1 
PCH « M(S) 
S¢_SH+1 
PG — M(S) 


Description : The contents of the processor status register PS, program counter PC, and 
program bank register PG, which are saved on the stack when the last interrupt 
was accepted, are restored these registers. 


Status flags : Restored according to the values that had been on the stack. 


Addressing mode Machine code Bytes 
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RT L Return from Subroutine Long RT L 


Operation ©: Se Sei 
PC. — M(S) 
S<«S$++1 
PCy — M(S) 
S<¢«S$S++1 
PG <— MS) 


Description : The program counter PC and program bank register PG are restored according 
to the state previously saved on the stack. 


Status flags : Not affected. 
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RTS | - Return from Subroutine | RTS 


Operation © GSeSt+i 
PC. «— M(S) 
S<«S$+1 
PCy < M(S) 


Description : The program counter PC is restored according to the state previously saved on 
the stack. | | 


Status flags : Not affected. 








132 


SBC 


Operation 


Description 


Status flags 
IPL 
N 


-ox 3 


O 


Addressing mode 
Immediate 

Direct 

Direct indexed X 
Direct indirect 


Direct indexed X indirect 


Direct indirect indexed Y 


Direct indirect long 
Direct indirect long 


SBC 


Subtract with Carry 





Acc, C«— Acc-M-C 


Subtracts the contents of memory and the 1's complements of carry flag from the 
contents of the accumulator , and places the result in the accumulator. Executed 
as a binary subtraction if the decimal operation mode flag D is set to 0. Executed 
as a decimal subtraction if the decimal operation mode flag D is set to 1. 


Not affected. 


Set to 1 when bit 15 (or bit 7 if the data length selection flag m is set to 1) of 
the operation result is 1. Otherwise, cleared to 0. Meaningless for decimal 
subtraction. 


Set to 1 when binary subtraction of signed data results in a value outside the 
range of -32768 to +32767 (-128 to +127 if the data length selection flag m is set 
to 1). Otherwise, cleared to 0. Meaningless for decimal subtraction. 


Not affected. 

Not affected. 

Not affected. 

Not affected. 

Set to 1 when the result of operation is 0. Otherwise, cleared to 0. 

Set to 1 when the result of operation is equal to or larger than 0. Otherwise, 
cleared to 0, and a borrow is indicated. 


Machine code 


Syntax 

| SBC A, #imm 
SBC A, dd 
SBC A,dd, X 
SBC A, (dd) 
SBC A,(dd, X) 
SBC A,(dd), Y 
SBCL A, (dd) 
SBCL A, (dd), Y 


E916, imm 
E516, dd 
F516, dd 
F216, dd 
E116, dd 
Fi16, dd 
E716, dd 
F716, dd 





indexed Y 


Absolute 

Absolute indexed X 
Absolute indexed Y 
Absolute long 

Absolute long indexed X 
Stack pointer relative 


Stack pointer relative 
indirect indexed Y 





SBC 
SBC 
SBC 
SBC 
SBC 
SBC 
SBC 


A,mm 

A, mmlil, X 
A, mmll, Y 
A, hhmmll 
A, hhmmll, X 
A, nn, S 

A, (nn, S), Y 





EDi6,l||_mm 
FDie, ll, mm 
F916, Il, mm 


EF ie, Il, mm, 
FFie, Il, mm, 


E316, nn 
F316, nn 


MO MO FF FF WW WN NM NN YM NM NM NM 














OaOnNnN DDD FPF |—- +S DOAN ON F&F ND 


(Note1) This table applies when using the accumulator A. If using the accumulator B, replace “A” with “B”. 
In this case, “4216” is added at the beginning of the machine code, the bytes-count increases by 1 
and the cycles-count increases by 2. 


(Note 2)When operating on 16-bit data in the immediate addressing mode with the data length selection flag 


m set to 0, the bytes-count increases by 1. 
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SEB 


Operation 


Description 


Status flags 


_Set Bit | | SEB 


M <M V IMM 
IMM is the bit pattern that specifies the bit positions that are to be set to 1. 


When the data length selection flag m is set to 1, IMM is placed in the third byte 
(direct bit addressing mode) or the fourth byte (absolute bit addressing mode) of 
the instruction. 


When the data length selection flag m is set to 0, IMM is placed in the third and 
fourth bytes (direct bit addressing mode) or the fourth and mh bytes (absolute bit 
addressing mode) of the instruction. 


The SEB instruction sets the specified memory bits to 1. Multiple bits to be set 
can be specified at one time. 


Not affected. 


Addressing mode Machine code Bytes | Cycles 


Direct bit 
Absolute bit 


SEB #imm, dd 0416, dd, imm 
SEB #imm, mmll OCi1e, Il, mm, imm 














(Note1) When operating on 16-bit data with the data length selection flag m set to 0, the bytes-count 
increases by 1. 
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SEC 


Operation 
Description 


Status flags 


IPL : 


CY INS I OS, oe ee ee 





Set Carry Flag 


Ce 1 


Sets the carry flag C to 1. 


Not affected. 
Not affected. 
Not affected. 
Not affected. 
Not affected. 
Not affected. 
Not affected. 
Not affected. 
Set to 1. 


Addressing mode 


SEC 
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SEI 
Operation 


Description 


Status flags 


IPL : 


O*~ 3< 2 


ON 7 
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Set Interrupt Disable Status. | S EI 
I< 1 


Sets the interrupt disable flag | to 1. 


Not affected. 
Not affected. 
Not affected. 
Not affected. 
Not affected. 
Not affected. 
Set to1. 
Not affected. 
Not affected. 






SEM Set m Flag SEM 


Operation > met 
Description : Sets the data length selection flag m to 1. 


Status flags 
IPL: Not affected. 


N Not affected. 
V Not affected. 
m Set to 1. 

x Not affected. 
D Not affected. 
| Not affected. 
Z Not affected. 
C Not affected. 

Eon CL - 
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S E P Set Processor Status — | | S E P 


Operation > PS. <— PS V IMM 
(IMM is the immediate value specified in the second byte of the instruction.) 


Description : Sets the processor status flags specified by the bit pattern in the second byte of 
the instruction to 1. : 


Status flags : The specified flags are set. IPL is not affected. 
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STA Store Accumulator in Memory STA 


Operation : When m=O, When m=1 
M(n) <— Acc. M(n) — Acc. 





M(n+1) <— Accu 


Description : Stores the contents of the accumulator in memory. 
The contents of the accumulator are not changed. 


Status flags <: Not affected. 


Addressing mode Syntax Machine code Bytes 


Direct . STA A, dd 8516, dd 

Direct indexed X STA A, dd, X 9516, dd 

Direct indirect STA A, (dd) 9216 dd 

Direct indexed X indirect STA A, (dd, X) 8116, dd 

Direct indirect indexed Y STA A, (dd), Y 9116, dd 

Direct indirect long STAL A, (dd) 8716, dd 

Direct indirect long indexed Y | STAL A, (dd), Y 9716, dd 

Absolute STA mmil 8Die, Il, mm 

Absolute indexed X STA mmil, X 9D16, Il, mm 

Absolute indexed Y STA mmil, Y¥ 9916, Il, mm 

Absolute long STA hhmmll 8F 16, Il, mm, hh 

Absolute long indexed X STA hhmmil, X 9F 16, Il, mm, hh 

Stack pointer relative STA nn, S 8316, nn 

Stack pointer relative STA (nn, S), ¥ 9316, nn 
indirect indexed Y 


nan 








Pr MPM NM NM NM NY 





OOn onoaaa —- + NN N 


MOM FF WW W 

















(Note1) This table applies when using the accumulator A. If using the accumulator B, replace “A” with “B”. 
In this case, “4216” is added at the beginning of the machine code, the bytes-count increases by 1 
and the cycles-count increases by 2. 
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STP | | . Stop > - STP 


Operation : Stop the oscillator. 





Description : Resets the oscillator controlling flip-flop circuit to inhibit the oscillator. To restart 
: the oscillator, either. an interrupt or reset must be executed. 


‘Status flags : Not affected. 


Addressing mode Machine code 
imple STP 
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STX 


Operation 


Description 


Status flags 


Store Index Register X in Memory STX 
When x=0, When x=1 
M(n) — Xi M(n) <— Xe 
M(n+1) <— Xx 


Stores the contents of the index register X in memory. The contents of the index 
register X remain the same. 


Not affected. 


Direct 


Direct indexed Y 
Absolute 





STX 8616, dd 
STX 7 Y 9616, dd 
STX mmil 8Ei6, Il, mm 
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STY 


Operation 


Description 


Status flags 


142. 


Addressing mode 


Direct 
Direct indexed X 
Absolute 


When x=0, 
M(n) < YL 
M(n+1) <— Yu 


Store Index Register Y in Memory 


Not affected. 


STY dd 
STY dd, X 
STY muall 





When x=1 
M(n) — YL 


Stores the contents of the index register Y in memory. The contents of the index 
register Y remain the same. 


Machine code 


8416, dd 
9416, dd 
8Ci6, Il, mm 








TA D Transfer Accumulator A to Direct Page Register TA D 


Operation : DPReA 


Description : Loads the direct page register DPR with the contents of the accumulator A. Data 
is transferred as 16-bit data regardless of the status of the data length selection 
flag m. The contents of the accumulator A are not changed. 


Status flags <: Not affected. 
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TAS . _Transfer Accumulator A to Stack Pointer : TA S 





Operation > SEA 


Description : Loads the stack pointer S with the contents of the accumulator A. Data is 
transferred as 16-bit data regardless of the status of the data length selection flag 
m. The contents of the accumulator A are not changed. 


Status flags : Not affected. 


Implied 
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TAX 


Operation 


Description 


Status flags 


IPL : 


N 


O*x~ 3< 


QON 7 


Transfer Accumulator A to Index Register X TAX 
If x=0, If x=1, 
Xi. — Ac Xi <— Ar 
XH <— AH 


Loads the index register X with the contents of the accumulator A. The contents. 
of the accumulator A.are not changed. 


Not affected. 


Set to 1 when bit 15 (or bit 7 if the index register length selection flag x is set 
to 1) of the operation result is 1. Otherwise, cleared to 0. 


Not affected. 
Not affected. 
Not affected. 
Not affected. 
Not affected. 
Set to 1 when the result of operation is 0. Otherwise, cleared to 0. 
Not affected. 


Implied 


TAX AAie 
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TAY Transfer Accumulator A to Index Register Y _ TAY 
Operation If x=0, If x=1, 
Yu & Av YL A 
- Yu — An 
Description Loads the index register Y with the contents of the accumulator A. The contents 


Status flags 
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Implied 


IPL : 


N 


ONT OX ZK 


of the accumulator A are not changed. 


Not affected. 


Set to 1 when bit 15 (or bit 7 if the index register length selection flag x is set 
to 1) of the operation result is-1. Otherwise, cleared to 0. 


Not affected. 
Not affected. 
Not affected. 
Not affected. 
Not affected. 


Set to 1 when the result of operation is 0. Otherwise, cleared to 0. 


Not affected. 


TAY 


Addressing mode Syntax Bytes 


T B D Transfer Accumulator B to Direct Page Register TB D 


Operation : DPReB 


Description : Loads the direct page register DPR with the contents of the accumulator B. Data 
is transferred as 16-bit data regardless of the status of the data length selection 
flag m. The contents of the accumulator B are not changed. 


Status flags <: Not affected. 


Implied TBD 4216, 5Bre 
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7 TBS | | Transfer Accumulator Bto Stack Pointer TBS 


Operation : SeB 


Description : Loads the stack pointer S with the contents of the accumulator B. Data is 
transferred as 16-bit data regardless of the status of the data length selection flag 
m. The contents of the accumulator B are not changed. 


Status flags <:- Not affected. 


Addressing mode Machine code | Bytes | Cycles 
Implied TBS 4216, 1Br6 2 
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TBX 


Operation 


Description 


Status flags 


IPL: 


N 


ON-OX3< 


Transfer Accumulator B to Index Register X T BX 


lf x=0, If x=1, 
Xx. & Be X. — Br 
XH & Bu 


Loads the index register X with the contents of the accumulator B. The contents 
of the accumulator B are not changed. 


Not affected. 


Set to 1 when bit 15 (or bit 7 if the index register length selection flag x is set 
to 1) of the operation result is 1. Otherwise, cleared to 0. 


Not affected. 
Not affected. 
Not affected. 
Not affected. 
Not affected. 
Set to 1 when the result of operation is 0. Otherwise, cleared to 0. 
Not affected. 


Implied TBX 4216, AAis 
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Status flags 


_150 


IPL : 


Zz 


Implied 





TBY _ Transfer Accumulator B to Index Register Y TBY 
Operation If x=0, If x=1, 

Y.< B Y.< B. 

Yu < BH 
Description Loads the index register Y with the contents of the accumulator B. The contents 


of the accumulator B are not changed. 


Not affected. 


Set to 1 when bit 15 (or bit 7 if the index register length selection flag x is set 
to 1) of the operation result is 1. Otherwise, cleared to 0. 


Not affected. 

Not affected. 

Not affected. 

Not affected. 

Not affected. 

Set to 1 when the result of operation is 0. Otherwise, cleared to 0. 
Not affected. | 





T DA Transfer Direct Page Register to Accumulator A TDA 


Operation > If m=0, If m=1, 
A. — DPR. Ac — DPR. 
Ay < DPR 
Description : Loads the accumulator A with the contents of the direct page register DPR. The 


contents of the direct page register DPR are not changed. 


Status flags 
IPL: Not affected. 


N : Set to 1 when bit 15 (or bit 7 if the data length selection flag m is set to 1) of 
the operation result is 1. Otherwise, cleared to 0. 


V Not affected. 

m Not affected. 

X Not affected. 

D Not affected. 

| Not affected. 

Z : Set to 1 when the result of operation is 0. Otherwise, cleared to 0. 
C : Not affected. | 


Addressing mode Syntax | Machine code 





Implied TDA 7Bi6 | 1 
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TDB 


Operation 


Description 


Status flags 


IPL : 


Pd 
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Acereseng mode — Machine code — 


Transfer Direct Page Register to Accumulator B | TD B | 
If m=0, If m=1, 

Bu — DPRi Bi — DPRi 

BH <— DPR | 


Loads the accumulator B with the contents of the direct page register DPR. The 
contents of the direct page -register DPR are not changed. 


Not affected. 


Set to 1 when bit 15 (or bit 7 if the data length selection flag m is set to 1) of 
the operation result is 1. Otherwise, cleared to 0. 


: Not affected. 


Not affected. 
Not affected. 
Not affected. 
Not affected. 


Set to 1 when the result of operation is 0. Otherwise, cleared to 0. 


Not affected. 





TSA 


Operation 


Description 


Status flags 


IPL : 


N 


Oo *x~ 3< 


NJ 


Transfer Stack Pointer to Accumulator A TSA 


If m=0, If m=1, 
Ac — Si AL — SL 
Au — SH 


Loads the accumulator A with the contents of the stack pointer S. The contents 
of the stack pointer S are not changed. 


Not affected. 


Set to 1 when bit 15 (or bit 7 if the data length selection flag m is set to 1) of 
the operation result is 1. Otherwise, cleared to 0. 


Not affected. 
Not affected. 
Not affected. 
Not affected. 
Not affected. 
Set to 1 when the result of operation is 0. Otherwise, cleared to 0. 
Not affected. 


Addressing mode Machine code Bytes 


Implied 
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TSB 


Operation 


Description 


Status flags 


IPL : 


Zz 


Implied 
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Transfer Stack Pointer to Accumulator B TSB 
If m=0, | lf m=1, 
Bu< St Bue S 
BH < Su 


Loads the accumulator B with the contents of the stack pointer S. The contents 
of the stack pointer S are not changed. 


Not affected. 


Set to 1 when bit 15 (or bit 7 if the data length selection flag m is set to 1) of 
the operation result is 1. Otherwise, cleared to 0. 


Not affected. 

Not affected. 

Not affected. 

Not affected. 

Not affected. 

Set to 1 when the result of operation is 0. Otherwise, cleared to 0. 
Not affected. | 


Addressing mode 





TSX 


Operation. 


Description 


Status flags 


IPL : 


N 


oxg< 


Transfer Stack Pointer to Index Register X TSX 
If x=0, If x=1, 
X. < Si XLe¢ Se 
XH <— SH 


Loads the index register X with the contents of the stack pointer S. The contents 
of the stack pointer S are not changed. | 


Not affected. 


Set to 1 when bit 15 (or bit 7 if the index register length selection flag x is set 
to 1) of the operation result is 1. Otherwise, cleared to 0. 


Not affected. 
Not affected. 
Not affected. 
Not affected. 
Not affected. 
Set to 1 when the result of operation is 0. Otherwise, cleared to 0. 
Not affected. 


Addressing mode 


Implied 


sed 
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TXA 


Operation 


Description 


_ Status flags 
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IPL : 


N 


ON TO * 3s 


Implied 


Transfer Index Register Xto Accumulator A TXA 
lf m=0 and x=0, If m=0 and x=1, | If m=1, 
Av — X. Au <= Xb. AL <— X 
Au — XH | Au < 0016 


Loads the accumulator A with the contents of the index register X. The contents 
of the index register X are not changed. 


Not affected. 


Set to 1 when bit 15 (or bit 7 if the data length selection flag m is set to 1) of 
the operation result is 1. Otherwise, cleared to 0. 


Not affected. 

Not affected. 

Not affected. 

Not affected. 

Not affected. 

Set to 1 when the result of operation is 0. Otherwise, cleared to 0. 
Not affected. | | 


TXB 


Operation 


Description 


Status flags 


IPL: 


N 


= i655. 3. <= 


ON 


Transfer Index Register X to Accumulator B TX B 
If m=0 and x=0, If m=0 and x=1, If m=1, 
Bue Xi Boe X | : Bue Xi 
Bu <— Xu ~ Bu & 0016 


Loads the accumulator B with the contents of the index register X. The contents 
of the index register X are not changed. 


Not affected. 


Set to 1 when bit 15 (or bit 7 if the data length selection flag m is set to 1) of 
the operation result is 1. Otherwise, cleared to 0. 


Not affected. 
Not affected. 
Not affected. 
Not affected. 
Not affected. 
Set to 1 when the result of operation is 0. Otherwise, cleared to 0. 
Not affected. 


Addressing mode Syntax Machine code Bytes 
Implied | TXB 4216, BAr6 
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TXS | Transfer Index Register X to Stack Pointer | TXS 





Operation : If x=0, | If x=1, 
Sit — Xt | St <— Xt 
SH & XH | SH & 0016 
Description : Loads the stack pointers with the contents of the index register X. The contents 


of the index register X are not changed. 


Status flags : Not affected. 





Implied 
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TXY 


Operation 


Description 


Status flags 


IPL : 


N 


Oo * 3 < 


No 


Transfer Index Register X to Y TXY 


If x=0, If x=1, 
Yu e& XL Yu & Xt 
Yu <& Xu 


Loads the index register Y with the contents of the index register X. The con- 
tents of the index register X are not changed. 


Not affected. 


Set to 1 when bit 15 (or bit 7 if the index register length selection flag x is set 
to 1) cf the operation result is 1. Otherwise, cleared to 0. 


Not affected. 
Not affected. 
Not affected. 
Not affected. 
Not affected. 
Set to 1 when the result of operation is 0. Otherwise, cleared to 0. 
Not affected. 


Addressing mode 
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TYA 


Operation 


Description 


Status flags 


IPL: 


N 


Ox 3< 


| 
Z 
C 


Implied 


- 160 


Transfer Index Register Y to Accumulator A | TYA 
lf m=0 and x=0, If m=0 and x=1, lf m=1, 
AL < YL Ac YL Au YL 
Ay & Yu Au <— 0016 


Loads the accumulator A with the contents of the index register Y. The contents 
of the index register Y are not changed. 


Not affected. 


Set to 1 when bit 15 (or bit 7 if the data length selection flag m is set to 1) of 
the operation result is 1. Otherwise, cleared to 0. 


Not affected. 
Not affected. 
Not affected. 
Not affected. 
Not affected. 
Set to 1 when the result of operation is 0. Otherwise, cleared to 0. 
Not affected. 





TY B Transfer Index Register Y to Accumulator B TY B 


Operation : If m=0 and x=0, lf m=0 and x=1, If m=1, 
Bu < Yt Bu < YL Bue Yt 
Bu < Yu Bu & O016 

Description : Loads the accumulator B with the contents of the index register Y. The contents 


of the index register Y are not changed. 


Status flags 
IPL: Not affected. 


N Set to 1 when bit 15 (or bit 7 if the data length selection flag m is set to 1) of 
the operation result is 1. Otherwise, cleared to 0. 

V Not affected. 

m Not affected. 

X Not affected. 

D Not affected. 

Not affected. 

Z Set to 1 when the result of operation is 0. Otherwise, cleared to 0. 

C Not affected. 


isin ome 
Implied TYB 4216, 9816 
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TYX 


Operation 


Description 


Status flags 


IPL : 


N 


os SS 


Ss = 


Implied 
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Transfer Index Register Y to X oC TYX 


If x=0, | lf x=1, 
Xtc € Yt X. — YL 


XH & YH 


Loads the index register X with the contents of the index register Y. The con- 
tents of the index register Y are not changed. 


Not affected. 


Set to 1 when bit 15 (or bit 7 if the index register length selection flag x is set 
to 1) of the operation result is 1. Otherwise, cleared to 0. 


Not affected. 
Not affected. 
Not affected. 
Not affected. 
Not affected. 
Set to 1 when the result of operation is 0. Otherwise, cleared to 0. 
Not affected. 


Addressing mode 
2 





Fc 


WIT wait WIT 





Operation : Stop the internal clock. 

Description : The WIT instruction stops the internal clock but not the external clock is not 
stopped. To restart the internal clock, either an interrupt or reset must be 
executed. 

Status flags : Not affected. 
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_XAB 


Operation 


Description 


Status flags 


IPL : 


Zz 


Exchange seccuuiee: A and B XA B | 





If m=0, If m=1, 
At © Bi A. © Bu 
Aq © Bu 


Swaps the contents of the accumulators A and B. 


Not affected. 
Set to 1 when bit 15 (or bit 7 if the data length selection flag m is set to 1) of 


- the accumulator A after the operation is 1. Otherwise, cleared to 0. 


Not affected. 
Not affected. 
Not affected. 
Not affected. 
Not affected. 


Set to 1 when the contents of the accumulator A is cleared to 0 by the operation. 
Otherwise, cleared to 0. | 


Not affected. 


Addressing mode Syntax |Machine code Bytes_| Cycles | 


Implied 
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XAB 8916, 2816 2 ie | 


Notes for Programming 





5. Notes for Programming 


Take care of the following when programming with the MELPS 7700 series. 


(1) 


(10 


~——— 


The stack pointer S is undefined immediately after the reset is commanded. Always set the 
initial value. 


Example ) LDX #27FH 
TXS 


The program bank register PG and the data bank register DT are disabled under the single chip 
mode. Do not set value other than “OOt6” here. 


When “1” is set in the D-flag for decimal operation: 


The C-flag alone is effective in the ADC instruction, while the Z, N, and V flags are disabled. 
The C and Z flags alone are effective in the SBC instruction, while the N and V flags are 
disabled. (Decimal operation can be done in the ADC and the SBC instructions alone.) 


Using the 16-bit immediate data with “1” (data length : 8 bits) in the data length selection flag 
m, or using the 8- bit immediate data with “0” (data length : 16 bits) in flag m, will cause the 
program run-away. The same rule is applied to the index register length selection flag x. Take 
care of the condition of these flags when coding the program. 


The MELPS 7700 can prefetch the instructions using the 3-byte instruction queue buffer. Keep 
in mind when creating the timer with the software, that the number of cycles shown in the list 
of machine language instructions is the minimum value. (Also see Chapter 6.) 


When value other than “0016” is set in the lower order 8 bits of the direct page register DPR 
(DPR), the processing time will become 1 machine cycle longer than when “OOi.” is set. 


The processing speed will deteriorate if a 16- bit data will be accessed from an odd address. 
Place the 16-bit data from an even address if the processing speed is important. 


The N and Z flags will change by execution of the PLA instruction, but the contents of the proc- 
essor status register will not change if the accumulator A alone is recovered by the PUL instruc- 
tion. 


The program bank register PG can be saved into the stack by setting “1” in bit 6 of the operation 
by the PSH instruction. However, the PG cannot be recovered by the PUL instruction. 


When the PUL or the PSH instruction is executed, the flag m and the flag x are affected in 


~ addition. 
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Notes for Programming 





(11) The code in the second byte of the BRK instruction will not affect the CPU. — 


(12) When-the block transfer instruction (MVN or MVP) is executed with x=1, the contents of middle 
order 8-bit in Source and destination address (There are consists of 24-bit.) will be fixed “0016”. 
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6. Instruction Execution Sequence 


The basic clock of the MELPS 7700 central processing unit (CPU) is clock o (1/2 the oscillation 
frequency f(Xin)). The basic clock of the bus is an E derived from clock 6, so data exchange be- 
tween the CPU and the internal bus is done via the bus interface unit. The frequency of E is 
normally 1/2 that of clock o, but it becomes 1/4 that of , when accessing external memory while 
the wait is enabled by the wait bit. 


mol, 


6.1. Bus Interface Unit 


The bus interface unit is a unit that helps data exchange between the CPU and the internal bus. 
The unit is structured by registers and buffers as shown in Figure 6.1.1. The functions of these 
registers and buffers are shown in Table 6.1.1. The CPU reads the instruction code from the 
instruction queue buffer, and the data from the data buffer of the bus interface unit. Then, data 
is written in the data buffer of the bus interface unit. The bus interface unit reads or writes data 
from the memory or I/O via the bus, instead of the CPU. , 





Fig. 6.1.1 Bus Interface Unit Register Model 


Table 6.1.1 Functions of the Registers and Buffers 


Program address register 








Function 








This register indicates the address where the program is stored. 


The 3-byte buffer for temporal storage of the instruction pre- 
fetched from the memory. 


The register that indicates the address for data read or data 
write. 







Instruction queue buffer 
Data address register 


Data buffer 





The buffer where the bus interface unit temporarily stores data 
read from the memory or I/O or where the CPU temporarily 
stores data to be written into the memory or I/O. 
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6.2 
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Instruction Execution Sequence 





Change of the CPU Basic Clock @cpu 


When the bus interface unit is not ready, the CPU extends the basic clock to synchronize with 
the bus, and waits till it is ready. As the CPU basic clock waits owing to some conditions, this 
clock will be called dcpu to be distinguished from the clock . The following are the cases in which 
the ocpu waits. Oo . 


Causes for the cpu to wait 


<Cause 1> _ | 
When the CPU requests operation codes and operands, but the operation codes and op- 
erands in the instruction queue buffer did not reach the necessary number. 


<Cause 2> 
When the CPU tried to access data, but the bus interface unit was using the bus for fetching 
some data into the instruction queue buffer or writing data. 


<Cause 3> 
When the bus interface unit was reading data from the internal/external memory or //O, 
according to the request of the CPU. 


In addition to the above, the following are also causes for the gcpu to be extended. 
e When 16-bit data is accessed from odd address. | 
e When external memory 16-bit data is accessed while the BYTE terminal level is “H”. 
e When external memory is accessed with wait commanded by the wait bit. 





The above conditions causes the execution time to differ each time, even with the same instruc- 
tion and same addressing mode. Two example instructions are given in the next section to see 
the variation of the number of cycles according to the above conditions. 


The “ CPU execution sequence per addressing mode ” of Appendix-A is the CPU instruction 
execution sequences based on the gceu. The number of cycles shown in “ 4.2 Instructions ” and 
“ Appendix-B List of machine language instructions ” are the count for the shortest case, and 
cannot always be applied when calculating the actual cycles or the execution time of instructions. 


Instruction Execution Sequence 





6.3 Instruction Execution Sequence 


The instruction execution sequence of the CPU based on the ocpu, and the variation of the actual 
instruction execution cycle when various conditions are applied are shown here. 


e Example 1. ASL instruction Direct addressing mode 


® Example 2. LDA instruction Direct indirect long addressing mode 





= Before observing the oceu based CPU instruction execution sequence §: 





The following table describes the ocpu based CPU instruction execution sequence symbols. The 
signals indicated in this execution sequence are all CPU internal signals, that show data ex- 
change between the bus interface unit and the CPU. Accordingly, these signals cannot be 
observed from outside. 


cpu Based CPU Instruction Execution Sequence Symbols 


CPU basic clock 


Higher order 8 bits of the address (24 bits) of the program that the CPU is actually execution 
Lower order 16 bits of the address (24 bits) of the program that the CPU is actually execution 


DAT Ace) Data information the CPU is processing 
Data read/write request to the data buffer in the bus interface 


PG,PC Contents of the program bank register (PG) and the program counter (PC) 


Data indicating the address (higher order 8 bits) 


ADu, ADL Data indicating the address (middle order 8 bits, lower order 8 bits) 


Contents of the higher order 8 bits of the direct page register 


DPR Contents of the lower order 8 bits of the direct page register (DPRL = 0 in the examples) 


Du Data to be fetched or written from the data buffer by the CPU (higher order 8 bits) 
Di Data to be fetched or written from the data buffer by the CPU (lower order 8 bits) 
























Contents of the operand (DPRL = 0 in examples 1 and 2, so dd represents the lower order 8 
bits of the address) 
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Instruction Execution Sequence 


=} Before observing the o based instruction execution sequence 





The » based execution sequence symbols are shown in the following table. The signals in this 
execution sequence indicates data exchange of the bus interface unit with the memory and 1/O. 
The internal instruction execution sequence of the CPU can be guessed from these signals. 
However, the oceu and the number of data in the instruction queue buffer shown here cannot be 
observed from the outside. 


® Based Execution Sequence Symbols 


Description 


Basic operation clock of the microcomputer (Xin) / 2 





Basic operation clock of the bus o/2 








Higher order 8 bits of the address where the bus interface unit is to access to (bank) 








Middle order 8 bits of the address where the bus interface unit is to access to 





Lower order 8 bits of the address where the bus interface unit is to access to 





Contents of the direct page 
Contents of the higher order 8 bits of the direct page register 
Contents of the lower order 8 bits of the direct page register 





Data to be fetched into the instruction queue buffer by the bus interface 


(Operation code or operand) 
The subscript represents the fetch sequence. 


Data to be fetched into the data buffer or data to be written into the memory by the bus interface 
unit 











Data obtained as the operand (The lower order 8 bits of the address are given in examples 1 
and 2, because DPR: = 0.) 
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Higher order 8 bits of data that indicates the address (contents of the data address register) 
Middle order 8 bits of data that indicates the address (contents of the data address register) 


Lower order 8 bits of data that indicates the address (contents of the data address register) 


The following are the cause of the “oceu to queue” in the @ based execution sequence. 


Cause 1 
When the CPU required operation codes and operands, but the number of operation codes and 
operands did not reach the requested number. 


Cause 2 
When the CPU tried to access data, but the bus interface was using the bus for fetching data into 
the instruction queue buffer or for writing data. 


Cause 3 


When the bus interface unit is reading data from the internal/external memory or !/O, etc., accord- 
ing to the request of the CPU. 





Instruction Execution Sequence 





Example 1. ASL instruction / direct addressing mode (DPRL = 001s) 


cpu based CPU instruction execution sequence 


Ae 


Note: All the signals are CPU internal signals, which cannot be observed from outside. 








The following examples 1-1 to 1-6 are examples of the oceu based instruction execution se- 
quences under various conditions. 

Example 1-1 When the instruction queue buffer is vacant 

Example 1-2. When two data are in the instruction queue buffer 

Example 1-3 When three data are in the instruction queue buffer 

Example 1-4 When 16-bit data is accessed from odd address 


Example 1-5 When external memory is accessed from the BYTE terminal using 8-bi 
external bus width : 


Example 1-6 When external memory is accessed with wait by the wait bit 
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Instruction Execution Sequence 





(Example 1-1) When the instruction queue buffer is vacant 


Conditions | 

-® Number of data in the instruction queue buffer 0 | | 

® ROM, RAM | | External memory is used (Note) 
® Data length selection flag m “Q” (16-bit length) 

e BYTE terminal level | “L” (External bus width is 16 bits) 


« Contents of lower order bytes (PC.) of the program counter Even 


* Contents of the operand (dd) Even 


> based execution sequence 


dcPu a | | | | rae eee | 











Fetches Op Fetches Reads Data Modifies Writes : Next 
Saberatdatain : Code Operand Data Data : Instruction 
instruction queue Q : 2-1 0 2 4 
buffer : 
: Modified Dt 
A23~A16 
/ DAT Aveven) 
Op Code Next Op Code Modified DH 
A15~As 
/ DATA cag) 2 
arto XX we XC—*F 
E 
BH 
“” 
R/W 
Cause for QCPU to queue <—__ > <+__»>- <_ > 


Cause 1 Cause 2 Cause 3 


Note. The operation when internal ROM and internal RAM are used, will be as shown above, regardless of the 
level of the BYTE terminal. However, the address/data bus, BHE, R/W signal cannot be observed from © 
outside, when the mode is single-chip mode. 
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Instruction Execution Sequence 





Operation of the CPU and bus interface unit under various cycles 


Bus interface unit 


(No fetching can be done, because there are no | Fetches the instruction, because instruction 
operation codes in the instruction queue buffer.) | queue buffer is vacant and the CPU is not 
using the bus. 


Fetches 2-byte worth of data into the instruc- 


tion queue buffer when E becomes “L”. 
Fetches the operation code. 


Fetches the operand. Prefetches the instruction, because the in- 
struction queue buffer is vacant and the CPU 
is not using the bus. 


Waits for E to become "L”, to read data. 


Reads data when E becomes “L”. 


(Waits till the bus used by the bus interface unit | Fetches 2 bytes worth of data into the instruc- 
becomes vacant.) tion queue buffer when E becomes “L”. 


7 Modifies data. 


Writes data into the data buffer. 


+i Fetches the next operation code. Writes the contents of the data buffer into the 


original address, when E becomes “L”. 
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Instruction Execution Sequence 





(Example 1-2) When two data are in the instruction queue buffer 


Conditions 

e Number of data in the instruction queue buffer 2 

® ROM, RAM | External memory is used (Note) 
e Data length selection flag m “0” (16-bit length) 

e BYTE terminal level | “L” (External bus width is 16 bits). 


® Contents of lower order bytes (PC) of the program counter. Even 


* Contents of the operand (dd) | Even 


» based execution sequence 


' Fetches Fetches Reads Data Modifies Writes Next 


Kiumbecordatain Op Code Operand Data Data iInstucnen 
instruction queue Pe 1 0 9 1 
buffer : 


A23~A16 
/ DAT Ateven) 


A15~As 
/ DATA\odg) 


Modified DL 








BE L FLL 
BHE 
bd (ea 
R/W 
Cause for OCPU to queue <<_> +—__b 


Cause 2 Cause 3 


Note. The operation when internal ROM and internal RAM are used, will be as shown above, regardless of the 
level of the BYTE terminal. However, the address/data bus, BHE, R/W signal cannot be observed from 
outside, when the mode is single chip mode. 
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Instruction Execution Sequence 





Operation of the CPU and bus interface unit under various cycles 


Fetches operation code. 


Fetches operand (dd). 















Prefetches the instruction, because the instruct 
queue buffer is vacant and the CPU is not using 
the bus. 










Waits till the bus used by the bus interface unit 


Fetches 2-byte worth of data into the instruction 
becomes vacant.) 


queue buffer when E becomes “L”. 









Waits for E to become “L”, to read data. 


Reads data when E becomes “L”. 


Fetches the next operation code. Writes the contents of the data buffer into the 
original address, when E becomes “L”. 


ALS 


Instruction Execution Sequence 





(Example 1-3) When three data are in the instruction queue buffer — 


Conditions 


* Number of data in the instruction queue buffer 3 

¢ ROM, RAM . | External memory is used (Note) 
* Data length selection flag m | “Q” (16-bit length) 

® BYTE terminal level “L” (External bus width : 16 bits) 


® Contents of lower order bytes (PC.) of the program counter Even 


® Contents of the operand (dd) 7 Even 


» based execution sequence 


Fetches Fetches Reads Data Modifies Writes Next 
Niesnemeedaeaa = Code Operand Data Data Instruction 
instruction queue 3) 9 1 3 2. 
buffer 
A23~ Ai6 


/ DAT Aveven) 


Ais~As 
/ DAT Avoda) 


Modified Dt 


A7~Ao 








R/W 
Cause for OCPU to queue | +> +> 
Cause 3 Cause 2 


Note. The operation when internal ROM and internal RAM are used, will be as shown above, regardless of the 
level of the BYTE terminal. However, the address/data bus, BHE, R/W signal cannot be observed from 
outside, when the mode is single chip mode. 
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Instruction Execution Sequence 





Operation of the CPU and bus interface unit under various cycles 


Bus interface unit 


Fetches operand (dd). 
Waits for E to become “L”, to read data. 


Reads data when E becomes “L”. 


Modifies data. Prefetches the instruction, because there are two 
vacant instruction queue buffers and the CPU is not 
using the bus. 


(Waits till the bus used by the bus interface; Fetches 2-byte worth of data into the instruction 
unit becomes vacant.) queue buffer when E becomes “L”. 


Writes data into the data buffer. 


Fetches the next operation code. Writes the contents of the data buffer into the origi- 
nal address, as E becomes “L”. 
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Instruction Execution Sequence 





(Example 1-4) When 16-bit data is accessed from odd address — 


Conditions 
® Number of data in the instruction queue buffer 0 
® ROM, RAM - | External memory is used (Note1) 
® Data length selection flag m : — “0” (16-bit length) 
® BYTE terminal level | “L” (External bus width is 16 bits) 


® Contents of lower order bytes (PCr) of the program counter Odd 


® Contents of the operand (dd) Odd 


» based execution sequence 


ot LL ee ELL 











Fetches Op Fetches Reads Data Modifies Writes Next 
NumbSreraann oe Operand Data Data - en 
instruction queue O ; 10 2-1 3 32 
buffer : ; 
Modified DH 
A23~Ai16 : 
/ DAT A\even) ? 
invalid Opeland (dd) invalid : Invalid Mogitied DL 
Ais~As : 
/ DATA\(oda) 
Op Code = «Next Op Code Invalid Invalid 
E 
BHE 
R/W 
Cause forOcPu toqueue <——> <> + ____— <> i a EE » 


Cause 1 Cause 1 Cause 3 Cause 2 Cause 2 
(Note2) 


Note1. The operation when internal ROM and internal RAM are used, will be as shown above, regardless of 
the level of the BYTE terminal. However, the address/data bus, BHE, R/W signal cannot be observed 
from outside, when the mode is single chip mode. 


Note 2. At the <- - -> part 
* When the CPU does not use the bus, dcpu corresponds with 9. 


*When the CPU uses the bus, the ocpu queues till the writing in the bus interface unit completes. (the O14 . 
cycle) 
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Instruction Execution Sequence 





Operation of the CPU and bus interface unit under various cycles 


(No fetching can be done, because there are | Fetches the instruction, because instruction queue 
no operation codes in the instruction queue | buffer is vacant and the CPU is not using the bus. 
buffer.) 


Fetches 1 odd address byte worth of data into the 
instruction queue buffer, when E becomes-'L”. 
Fetches operation code. 


(No fetching can be done, because there are | Fetches the instruction, because instruction queue 
no operands in the instruction queue buffer.) | buffer is vacant and the CPU is not using the bus. 


Fetches 2-byte worth of data into the instruction 
queue buffer when E becomes “L”. 
Fetches operand (dd). 


Waits for E to become “L”, to read data. 


Reads data in the odd addresses (Dt) alone into the data buffer when E becomes "L”. 


Waits for E to become “L”, to read data. 


Reads data in the even addresses (Dx) alone into the data buffer when E becomes “L”. 


Modifies data. Prefetches the instruction, because there are two 
vacant positions in the instruction queue buffer, 
and the CPU is not using the bus. 

(Waits till the bus used by the bus interface | Fetches 2 bytes worth of data into the instruction 

unit becomes vacant.) queue buffer, when E becomes “L”. 

Writes data into the data buffer. Waits till E becomes “L” to write data. 


Fetches the next operation code. Writes the contents of the data buffer (DL) into the 
Original address (odd address), when E becomes 
sc aan 


Waits till E becomes “L” to write data. 
Writes the contents of the data buffer (DH) into the 


original address (even address), when E becomes 
a aed 





When internal ROM or BYTE terminal level “L” external memory is used as the program memory, the instruction is 
fetched into the instruction queue buffer normally in 2-byte (word) unit of sequential even and odd addresses in this 
order. However, when the instruction must be fetched from odd address like after execution of the JMP instruction, 


the 1-byte of the first odd address alone is fetched into the instruction queue buffer (2 cycle), and the later instructions 
are fetched into the instruction queue buffer in 2-byte units (4, 610 cycle). 


The bus interface unit automatically selects whether to fetch one word or to fetch the 1 byte of odd address alone. 
The operation status can be observed from outside, according to the output of the BHE terminal and the address bus 
signal Ao, as long as the mode is not single chip mode. 


« When one word Is fetched 
The output from both the BHE terminal and the address bus Ao are at the “L” level. 


_« When 1 byte of odd address alone is fetched 
The output from the BHE terminal is “L”, while the output from address bus Ao is “H”. 
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Instruction Execution Sequence 





When internal RAM and external memory at BYTE terminal level “L” are used as the data memory, with data 
length selection flag m = 0, both data read and write are normally done in 2-byte units of even and odd 
addresses, in this sequence. However, access can also be done when the word data is defined from an odd 
address. In other words, “H” is output first from address bus Ao and then “L” from the BHE terminal to access 
to odd address alone. Next, “L” is output from Ao, and “H” from the BHE terminal to access to the even address. 


(95 to os, O11 to 14 cycle) 
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Instruction Execution Sequence 





(Example 1-5) Whenexternal memory is accessed from the BYTEterminal using 
8-bit external bus width 


Conditions 
® Number of data in the instruction queue buffer 0 
® ROM, RAM External memory is used 
e Data length selection flag m | “0” (16-bit length) 
* BYTE terminal level “H” (External bus width is 8 bits) 


® Contents of lower order bytes (PCc) of the program counter Even 


® Contents of the operand (dd) Even 


> based execution sequence 


A 2 3 4 a. 6 7 8 9 10 11 12 13 14 


cee a i Nene J CANN SN OO I 


? Fetches Op Fetches Reads Data Modifies Writes i Next 
: Code Operand Data Data Instruction 
Number of data in i | 
instruction queue 0: 10 10 { 0 
buffer ; 
Modified DL Modified DH 
Az3~A16 
/ DAT Ateven) 






Next Op Code 
A1s~As 


/DATAvs) —K mm Xm) DPR DPR: 


ml 


R/W 





Cause forOcPU toqueue <——> <> ¢___________» <> > eee > 
Cause 1 Cause 1 Cause 3 Cause 2 Cause 2 (Note) 


Note. At the <- - -> part. 
* When the CPU does not use the bus, dcpu corresponds with 9. 
* When the CPU uses the bus, the cru queues till the writing in the bus interface unit completes. (the 13 to o14 
cycle) 
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Instruction Execution Sequence 


Operation of the CPU and bus interface unit under various cycles 


o No. Bus interface unit 


(No fetching can be done, because there are; Fetches the instruction, because the instruction queue 
no operation codes in the instruction queue| buffer is vacant and the CPU is not using the bus. 
buffer.) — : | 





























Fetches 1 odd address byte worth of data into the in- 


: f ck 8 struction queue buffer when E becomes “L”. 
Fetches operation code. 


ee Waits for E to become “L”, to read data. | | 
es Reads data (D1) into the data buffer when E becomes ‘L”. 


(No fetching can be done, because there are} Fetches the instruction, because instruction queue 
no operands in the instruction queue buffer.)| buffer is vacant and the CPU is not using the bus. 





Fetches 1-byte worth of data into the instruction 
queue buffer when E becomes “L”. 






Fetches operand (dd). 


Waits for E to become "L”, to read data. 


Reads data (DH) alone into the data buffer when E becomes “L”. 





Prefetches the instruction, because there are two] 
_| vacant positions in the instruction queue buffer, and 
the CPU is not using the bus. 


Modifies data. 











(Waits till the bus used by the bus interface} Fetches 1 byte worth of data into the instruction 
unit is vacant.) queue buffer when E becomes “L”. 






Writes data into the data buffer. 
Fetches the next operation code. Writes the contents of the data buffer (Di) into the 
original address (odd address), when E becomes “L”. 
4 Writes the contents of the data buffer (Dx) into the 
original address (even address), when E becomes “L”. 


Waits till E becomes “L” to write data. 










The external bus width becomes 8 bits when the “H” level is applied to the BYTE terminal. (The width of the internal 
bus is 16 bits, regardless of the level of the BYTE terminal.) When external ROM is used under this mode, the 


instruction can only be fetched byte by byte. (d2, 4, d10 cycle) When external RAM is used, the data can likewise 
only be handled byte by byte. Accordingly, when data length selection flag m = 0 is selected, it takes time worth 2 
cycles of the enable output E for data read and write. (ds to os, 11 to d14 cycle) 
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Instruction Execution Sequence 





(Example 1-6) When external memory is accessed with wait by the wait bit 


Conditions 
® Number of data in the instruction queue buffer 0 
® ROM, RAM External memory is used 
® Data length selection flag m “Q” (16-bit length) 
® BYTE terminal level “L” (External bus width is 16 bits) 


® Contents of lower order bytes (PC.) of the program counter Even 


® Contents of the operand (dd) Even 


» based execution sequence 













Fetches Op Code Fetches Operand Reads Data Modifies Writes : Next 
; Data Data =: Instruction 
Number of data in ; 
instruction queue 0: 2>1 0 2 i 4 
buffer i : 
A23~At6 ear 
| DATAveven (oP; X00 Xm X00 FX_Motiod OL) 
i p Goo Next Op Code i 
Ais~As . oo 
DATA, Xm X OP Xm OP XP X Dv DPR ___Woaoa 
Opeland (dd) 
eC eS CT SD da 
E 
BHE 
mire 
R/W 
Cause for CPU to queue +_______> 1 > Een eae : Pere > 


Cause 1 Cause 2 Cause 3 Cause 2 (Note) 
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Instruction Execution Sequence 





Operation of the CPU and bus interface unit under various cycles 


(No fetching can be done, because there are 
no operation codes in the instruction queue 
buffer.) 


Fetches the operation code . 


Fetches operand (dd). 


(Waits till the bus used by the bus interface 
unit becomes vacant.) 


Note. At the <- - -> part 


Bus interface unit _ 


_ Fetches the instruction, because instruction queue 
buffer is vacant and the CPU is not using the bus. 


Fetches 2 bytes worth of data into the instruction 
queue buffer when E becomes “L”. 


Prefetches the instruction because the instruction 
queue buffer is vacant and the CPU is not using the 
bus. 


Fetches 2 bytes worth of data into the instruction 
queue buffer when becomes "“L”. 


Writes the contents of the data buffer into the original 
address (odd address), when E becomes “L”. 





* When the CPU does not use the bus, dceu corresponds with 9. 
* When the CPU uses the bus, the QoPu extends till the writing in the bus interface unit completes. (the di6 to 


$17 cycle) 


The conditions are the same, except when wait is commanded by the wait bit (example 1-1). When accessing to. 
the external memory, the cycle of enable output E becomes twice that for no-wait, and thus the gcpu wait time 
also becomes twice the cycle. (63 to 4, $7 to a, 11 to d12, die to ¢17 cycle) 
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Instruction Execution Sequence 





Example 2. LDA instruction / Direct indirect long addressing mode (DPR: = 0016) 


cpu based CPU instruction execution sequence 


d cpu PL et A RL a ch ak 4 
pases ee 


R/Wcpu) 










Note: All the signals are CPU internal signals, which cannot be observed from outside. 
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Instruction Execution Sequence 





_ (Example 2-1) When the internal as well as the external memories are used together while wait 
is commanded by the wait bit. 


Conditions | 
. Number of data in the instruction queue buffer 0 
® Bank 0 | Internal ROM, RAM are used 
Bank 1 and after External memory is used 
® Data length selection flag m “0” (16-bit length) 
®* BYTE terminal level a (External bus width is 16 bits) 


®* Contents of lower order bytes (PC) of the program counter Even 


® Contents of the operand (dd) Even 
¢ Data indicated by the address ADL Even 
| ADp 1 or more (bank 1 and after) 


» based execution sequence 


: Fetches Op Fetches Reads Calculates Reads Reads : Next 


H Address : j 
Number of data in : Code Operand Data Data Data instruction 


instruction queue 0: 241 0 2 a 4 
buffer : . 


A23~Ai6 
/ DAT Aceven) 


A1s~As 
/ DATA oda) 


A7z~Ao 








RW 
Cause forgcPu toqueue <—> <+—_> 4+ > {> Hilt a 
Cause 1 Cause 2 Cause 3 Cause 3 Cause 3 
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Instruction Execution Sequence 





Operation of the CPU and bus interface unit under various cycles 





Bus interface unit 


1 (No fetching can be done, because there areno | Fetches the instruction, because instruction queue 
operation codes in the instruction queue buffer.) | buffer is vacant and the CPU is not using the bus. 









Fetches 2 bytes worth of data into the instruction 
queue buffer when E becomes “L”. 


Fetches the operation code . 





Fetches operand (dd). Prefetches the instruction because the instruction 
queue buffer is vacant and the CPU is not using the 
bus. 


(Waits till the bus used by the bus interface unit | Fetches 2 bytes worth of data into the instruction 
becomes vacant.) queue buffer when E becomes “L”. 





Waits for E to becomes “L”, to read data (ADH ADL) indicated by the address obtained by adding the 
contents of the operand (dd) and the DPR. 


Reads data when E becomes “L”. 


Waits for E to become “L”, to read data (ADp). 


Le Reads data when E becomes “L”. 


Waits for E to become “L”, to read the data (Dx Dt) at the address specified by ADp ADH ADL. 
11 


Reads data when E becomes “L”. 
13 


The above is the case when bank 1 and after are used by the external memory under the memory expansion mode. 
The currently executed program is in bank 0. The contents of the lower order bytes of the direct page register DPRi 


is “OO16”, so the direct pages are all in bank 0. The access to the outside (10 to $13 cycle) alone is affected by the 
wait bit, and access to the internal memory ts not affected by the bit. 
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APPENDIX A 
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APPENDIX A. CPU Instruction Execution Sequence for each Addressing Mode 


The following are the CPU instruction execution sequences for each addressing mode. The exe- 

cution sequences shown here describe the internal operation of the CPU. Therefore, the signals 

are all CPU internal signals, and cannot be observed from outside. The CPU internal operation, 

the actual execution time, and the relation between signals that can be externally checked are 
described in Chapter 6 “Instruction Execution Sequence”. 


The following are the signals and the symbols indicating the contents. 


CPU basic cycle 




















AP.cPu) Higher order 8 bits of the CPU internal address bus. 
AHAL cpu) Lower order 16 bits of the CPU internal address bus. 
PG Contents of the program bank register. 


PC _ Contents of the program counter. 


Others are data that indicates the address obtained as result of address calculation. 


DATAcceu) | The CPU internal data bus. The signal is output with a half-cycle delay from the CPU 
internal address bus. The operation codes and the operands are fetched from the in- 
struction buffer. They are not directly fetched from the memory indicated by the PG 
and PC of this cycle. 








Becomes “L” when the CPU writes data into the data buffer of the bus interface unit 


The accumulator used in the above instructions in the CPU instruction execution sequence is 
accumulator A. When accumulator B is used, the execution cycle will have the two cycles of 
a “4216” that indicates accumulator B, and an internal processing cycle added at the front. 
(See the figure in the next page.) 


The number of dceu cycles differs in the addressing mode that uses the direct page register, 
according to whether the lower order 8 bits (DPR) are “OOie”. The number of cycles when 
DPR: = 0016 is 1 cycle (address calculation cycle) less than when DPRi # 0016. 


The number of cycles differs in the PSH and PUL instructions according to the number and 
type of registers placed in (taken out of) the stack. 


The number of cycles differs in the block transmission instruction (MVN, MVP), according to 
the number of the data transmitted. 
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Variation of the execution cycles according to the accumulator used 


ADC Instruction / Immediate addressing mode 


<<When accumulator A iS used>> 
Mnemonic : ADC A,#1234H Machine code : 6916 3416 1216 


ce LPL 
Au AL (cpu) €3 C3 PC+3 


- OpCode  Operand 


<<When accumulator B is used>> 
Mnemonic : ADC B,#1234H Machine code : 4216 6916 3416 1216 


+_. 2-cycle ——_>: 


ee | LEP LP LPL. 


Op Code - Op Code Operand 
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Implied — 





Instruction : CLC, CLI, CLM, CLV, DEX, DEY, INX, INY, NOP, 
SEC, SEI, SEM, TAD, TAS, TAX, TAY, TDA, TSA, 
TSX, TXA, TXS, TXY, TYA, TYX 7 


Timing : 


%cpu | | | | | | | 


Next 
DATA 


R/Wcpu) 


Instruction : TBD, TBS, TBX, TBY, TDB, TSD, TXB, TYR 


Timing : 


? cpu 


Next 
DATA cpu) Op Code Op Code Op Code 


aa ans hae 
R/Wceu) 
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Implied 





Instruction XAB 


Timing : 


? cpu 


Apiceu) Cr Xe KX Xe 
Next 
DATAccpy) Op Code Op Code Op Code 


_ “py 
R/W cpu) 


| 


AxAr( CPU) 


Instruction :S TP, WIT 


Timing : 


P cpu 
AnAti cru) (ro MK ects ) PC+ 1 
DATAcou { on code X notated ) sepaies 


_ sad oY 
R/W cpu) 
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Implied 





Instruction : RTS 


Timing : 





DATA cpu) 





7 “ny? 
R/Wicpu) 





Instruction :-R TL 


Timing : 


P cpu 


Apicpu) 


AvAL( cpu) 


DATA (cpu) 





ol he 


R/Wi cpu) 
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Implied 





Instruction : RT I 


Timing : 


? cpu 


Next 
DATA: cpu. Op Code { notusea X wotuses Kayes, X notated X rovec, KX Notunea Fo} ep ode 


(Stack) (Stack) (Stack) 


AHA: CPU! 


“Hy 
R/W. ceu: 
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Implied | 





Instruction : BRK 


Timing : 


cpu 


Api cpu’ 
C 


PG 00 


oH" 
R/W: ceu 





00 


Next 
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Immediate 





Instruction : ADC, AND, CMP, EOR, LDA, ORA, SBC 


Timing : 


m=0 
Pcpu | | | | | | | 


Operand Next 
DATA (cpy) 
CPU Op Code ee Op Code 


“hy 


R/Wcpu) 
When m1, fetched operand at 2-nd cycle is 1-byte(nn). 


Instruction : LDX, LDY, CPX, CPY 


Timing : 


? CPU 


Operand Next 
DATA‘ cpu) 


“ bh) 


R/W cpu) 





When x=1, fetched operand at 2-nd cycle is 1-byte(nn). 
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Immediate 


pt nn ng LS 


Instruction : LDT 


Timing : 


cpu 


DATA: cpu) 





R/Wicpu) 





Instruction : RLA 


Timing : 


? cpu PT ey Ey EP Ly LE LG LE Ly | 
Apicreu) sacepcscesnual™ ce 
AnAL(ceu) 

Operand 


6 H” 


R/Wiceu) 
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Immediate 





Instruction :S EP 


Timing : 


cpu 


? we Ze 
Ap(ceu) 

Operand Next 
DATA: cpu) Op Code nn Op Code 


“Hy” 


AnAti cpu) 


R/Wicpu) 


Instruction : CLP 


Timing : 


? cpu 

(ro KX Ke) 
Apicpu) 
AnALicpeu) 


Selene Operand Next 
DATA: cpy) r nn Op Code 


= “Hy” 
R/Wceu) 
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immediate 





Instruction : DIV, MPY. 


Timing : 


os Sa 


% cpu ins eal 
ducer {PO XK Pe MK PG) PG | 


_ H” 
R/Wcpu) 





— (Note) —————______», 


LJ LU LU LU 


: 


fae oN Next 
~wxaed Kn X WX Bas 





(Note) MPY instruction is 12-cycle, and DIV instruction is 23-cycle. 
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Instruction : ASL, DEC, 


Timing : 


P cpu 


Ap(cpu) 


AnAt(creu) 


DATA‘ cpu) 


R/W; CPU) 


Accumulator 


INC, LSR, ROL, ROR 


a 
: 


Next 
Op Code Op Code 
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Direct 





Instruction : ADC, AND, CMP, CPX, CPY, EOR, LDA, LDX, LDY, 
ORA, SBC 


Timing : 


DPR,+ 0 


? cpu 


AnAL (cpu) ( ro} PC+ | OER ado ( ro+2 ) 
Operand Next 


66 y 


R/Wcpu) 





<_-__—_> 
When DPR,=0, this cycle is nothing. 


Instruction : L DM 


Timing : 


DPR. + 0 


P cpu 


“DAT ; ee Operand Operand Next 
ode 
(CPU) p dd mm nn Op Code 
— al © bad 
R/Wi cpu) | | : 
ea 


When DPR, =0, this cycle is nothing. 
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Direct 





Instruction : STA, STX, STY 


Timing : 


DPR, + 0 


cpu 


Abies ( pot DPR ad (rota 


Next 
DATA; cpy) Op Code ee Op Code 


6a ” 


ae H 
R/W cpu) 
<< 


When DPR,=0, this cycle is nothing. 


Instruction “ASL, DEC, INC, LSR, ROL, ROR 


Timing : 


DPR, + 0 


cpu 


Operand Next 


iT) ” 


: 


AnA(cpu) 


R/W cpu) 


<_________> 
When DPR, =0, this cycle is nothing. 
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Direct 





Instruction : DIV, MPY 


Timing : 


DPR_# 0 $$$. 


$cpu | | | | | | | | [ | | | | | 


AnAL(cru) ( Pc) PC+ 1 PC+ 1 _ PC+2 DPR+dd 


bo. 





_ “Ey”? 
R/Wicpu) | 
fea Se rel 


When DPR,=0, this cycle is nothing. 





MPY instruction is 12-cycle, and DIV instruction is 23-cycle. 
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Direct Bit 





Instruction :C LB, SEB 


Timing : 


DPR, #0, m= 0 


cpu 


AnAticpu) 


DATA‘ cpu) 





“uw 


R/W cpu) 


<_> 
When DPR, =0, this cycle is nothing. 


When m=1, fetched operand at 3-rd cycle is 1-byte(nn). 


203 © 


Direct Indexed X_ 





Instruction : ADC, AND, CMP, EOR, LDA, LDY, ORA, SBC 


Timing : 


DPR. + 0 


? cpu 


AnAticru) ( rc ) PC+ 1 DPR+dd+X ( rc+2 ) 
Operand Next 


= “ny 
R/W cpu) 





When DPR, =0, this cycle is nothing. 


Instruction : L DM 


Timing : 


DPR, +0 


? cpu 


DATArcpuy Op Code Operand Operand Next 
dd mmnn Op Code 


oa ad 
R/W cpu) 


| 


When DPR, =0, this cycle is nothing. 
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Direct Indexed X 





Instruction : STA, STY 


Timing : 


DPR. + 0 
Aion (ro) pct patdatx ( rot? 


Next 
Op Code Operand 


7 hy? 
R/Wceu) 


When DPR, = 0, this cycle is nothing. 


Instruction : ASL, DEC, INC, LSR, ROL, ROR 


Timing : 


DPR, + 0 
Aghvicnss (re) PC+ 1 DPR+dd-+x ( rote ) 


O d 
dd p Code 


“uy 


R/Wi cpu) | | 
Wied a 


When DPR. =9, this cycle is nothing. 
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Direct Indexed X © 





Instruction : DIV, MPY 


Timing : 


DPR._+ 0 


j een 
P cpu | | | | | | | | | | | | | | | LL 


R/Wiceu) 





SS 
When DPR, =0, this cycle is nothing. 


— — —(Note)——_______________. 


ee 


ARSE E> ae 


DPR+dd PC+ 3 
ak Next 





(Note) MPY instruction is 12-cycle, and DIV instruction is 23-cycle. 
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Direct Indexed Y 





Instruction : L DX 


Timing : 


DPR, + 0 


P cpu 


AnAL(cpu) 


DATA‘ cpu) 





- py? 
R/Wcpu) 


< > 
When DPR, =0, this cycle is nothing. 





Instruction : S TX 


Timing : 


DPR, + 0 


cpu 


AnALiceu) 


DATA (cpu) 





6“ ” 


R/W<ceu) 


When DPR, =0, this cycle is nothing. 
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Direct Indirect 





Instruction : ADC, AND, CMP, EOR, LDA, ORA, SBC 


Timing : 


DPR, 0 


% cru 


Operand Next 


“oa 


R/Wiceu) 





< => 


When DPR, =0, this cycle is nothing. 


Instruction : STA 


Timing : 


DPR, + 0 


P cpu 


AnAc(cpu) { w ) PC+ 1 DPR+dd ADYAD, ( ro+2 
Operand Next 
Op Code 
= “pi” 
R/W cpu) | | 
a +> 


When DPR, = 0, this cycle is nothing. 
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Direct Indirect 





Instruction : DIV, MPY 


Timing : 


DPR, + 0 ee oe ee 


P cpu 


DATA: cpu) Op Code ( Not used ) Op Code eile {Not used AD,AD, Not used 


_ “HW” ge cee eS Oe Aiea 
R/Wceu) 





a! > 
When DPR, =0, this cycle is nothing. 


cea ees — (Note )————_——_—_____»1 
7 


Next 





(Note) MPY instruction is 12-cycle, and DIV instruction is 23-cycle. 


209 


Direct Indexed X Indirect 





Instruction : ADC, AND, CMP, EOR, LDA, ORA, SBC 


Timing : 


DPR, + 0 


? cpu 


DPR+dd 
Operand Next 
DATA Op Code AD.,AD 


=— “ui 
~ R/Wccpu) 





—__-> 
When DPR, =0, this cycle is nothing. 


Instruction : STA 


Timing : 


DPR. + 0 | 
cpu | | | | | | | | | | | | | | | | | 
DPR+dd 


Operand Next 


a eH" 
R/Wcpy) 


When DPR,=0, this cycle is nothing. 
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Direct Indexed X Indirect 





Instruction : DIV, MPY 


Timing : 


DPR. + 0 


% cpu 


DPR+ ae 


DATA: cpu) Op Code Not used K Op Code ee ( Not used X Not used AD WADL ( D. ) Not used 


— a <a» 
ac“ ” 





R/W, CPU) 


—— 
When DPR, = 0, this cycle is nothing. 


— 


Next 





(Note) MPY instruction is 12-cycle, and DIV instruction is 23-cycle. 


Direct Indirect Indexed Y 


EE ee 


Instruction : ADC, AND, CMP, EOR, LDA, ORA, SBC | 


Timing : 


DPR,# ODE 
i rT y Ly Ly Lp Ly Ly Lo 


Operand Next 


“Hy 





R/W cpu) 


<-> 
When DPR, =0, this cycle is nothing. 


Instruction : STA 


Timing : 


DPR, + 0 


P cpu 


Apicpu) 


AyAcicpu) 


Operand Next 
d p Code 


= “pi 
R/W cpu) 


When DPR, =0, this cycle is nothing. 
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Direct Indirect Indexed Y 





Instruction : DIV, MPY 


= © £199 ns tte en ce eee! 
R/W cpu) 


—— 
When DPR,=0, this cycle is nothing. 


sprees: (CNOLE ) ee 


“—— sy 

hed tal tek Le. 
ae 
a o>, ae 


Next 





(Note) MPY instruction is 12-cycle, and DIV instruction is 23-cycle. 
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Direct Indirect Long 





Instruction : ADC, AND, CMP, EOR, LDA, ORA, SBC 


Timing : 


DPR. + 0 


cpu 


AnAciceu) PC+ ] DPR+dd DPR+dd+ 2 ADyAD, ( rote ) 
Operand Next 
DATA Op Code 


“py 





R/W cpu) 


a > 





When DPR, =0, this cycle is nothing. 


Instruction : STA 


Timing : 


DPR. + 0 


? (CPU) 


Operand 
DATA(cpu) Op Code P ADYAD, nen 
dd Op Code 


a “ui” 
R/W(cpu) 


When DPR, =0, this cycle is nothing. 
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Direct Indirect Long 





instruction : DIV, MPY 


Timing 


DPR, + 0 


? cpu 


ae ” 


R/Wi cpu) 


<—___> 
When DPR, =0, this cycle is nothing. 


SSS (No) I 








(Note) MPY instruction is 12-cycle, and DIV instruction is 23-cycle. 


215 


Direct Indirect Long Indexed Y 





Instruction : ADC, AND, CMP, EOR, LDA, ORA, SBC 


Timing : 


DPR, + 0 
cpu | | | | | | | | | | | | | | | | | | | 
ADp 
Apicru) 00 or 01 00 or 01 00 or 01 or ADp+ 1 
eee > Ge Ga Gi saan (rote 


Operand Next 


; oa ha : 
R/W cpu) 





+> 
When DPR, =0, this cycle is nothing. 


Instruction - STA 


Timing : 


DPR, + 0 


cpu. 


es > Gr Ga al : (sowocty KX rote) 
r 
DATAi cpu’ Op Code Ope and ADWADL ag 
dd Op Code 


“Wy 


R/Wicpu- 


When DPR, =0, this cycle is nothing. 
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Direct Indirect Long Indexed Y 





Instruction : DIV, MPY 


Timing : 


DPR, # 0 


P cpu 


AnAL (cpu) PC PC+ | ( pc+i ) PC+ 2 DPR+dd DPR+dd+ 2 


il © (ddl ‘ceca Vee. Sup mmm 


R/Wicpu) 


—__> 


When DPR, =0, this cycle is nothing 


——__——---______- (Note ) ——____________» 


DD Next 
X,Y nat set not ase X not weed Bae 








(Note) MPY instruction is 12-cycle, and DIV instruction is 23-cycle. 


21/7 


Absolute 





{ 


Instruction : ADC, AND, CMP, CPX, CPY, EOR, LDA, LDX, LDY, 
ORA, SBC 


Timing : 


dcpu | | | | | | | | | 
AnAricru) 


Operand Next 
DATA (cpu) Op Code hhll Op Code 


_ “ay? 
R/Wceu) 





Instruction : L DM 


Timing : 


% cpu 


chs : Operand Operand Next 
i a (ag 
R/Wceu) | | 


218 


Absolute 
Instruction : STA, STX, STY 


Timing : 


? cpu 


AnAviceu) (roti ) hhil (rots ) 
Operand Next 
Op C Not 


“uy” 


R/Wiceu) 


Instruction : ASL, DEC, INC, LSR, ROL, ROR 


Timing : 


O Next 
ae “uy 
R/Wicpu) 


219 





Instruction : 


Timing : 


? cpu 


Ap(cpu) 


Absolute 


DIV, MPY 


DATA (cpu) Op Code ( Not used ) Op Code ae (Dd. ) Not used . 


“ui 


R/Wceu) 


(Note) 
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X Pots xX 4 
Teas Next 


MPY instruction is 12-cycle, and DIV instruction is 23-cycle. 


Absolute 





Instruction : JMP 


Timing : 


% cpu 


Ap(cpu) 


Operand Next 
DATA 
(CPU) Op Code hhil Op Code 


R/Wceu) 


: 
: 


“ 
= 


Instruction : JSR 


Timing : 


? cpu 


Operand Next 
DATA cpu) Op Code 
hhil Op Code 


221 


_ Absolute Bit 





Instruction :C LB, SEB 


Timing : 


DATA(cpu) 





R/Wicpu) 


When m=1, fetched operand at 3-rd cycle is 1-byte(nn) 


222 


Absolute Indexed X 





Instruction : ADC, AND, CMP, EOR, LDA, LDY, ORA,; SBC 


Timing : 


$cpu 


Operand Next 
p Code 


Sade yy 
R/W cpu) 





Instruction :1.,.DM 


Timing : 


P cpu 


Operand 
DATArceu) Op Code p Operand Next 
hhil mmnn Op Code 


__ “Ey”? 
R/W cpu) 





223 


Absolute Indexed X 





Instruction : ASL, DEC, INC, LSR, ROL, ROR 


Timing : 


% cpu 


AvALicpu! ( ro) PC+ 1 hhil+xX ( rots ) 
. Operand Next 
Op Code 
hy? : 
R/W cpu) 


224. 


Absolute Indexed X 
Absolute Indexed Y 





Instruction : DIV, MPY 


Timing : 


cpu | | | | | | | | | | | | | | 


a ae rere rena atrentatsSeR S ASE P S N EPS  S mis eae” seeming Get? eens" Sen umm ~ < Ramm “ma” 
R/Wcpu) 


Next 


(Note) MPY instruction is 12-cycle, and DIV instruction is 23-cycle. 
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Absolute Indexed X 
Absolute Indexed Y 


Instruction > STA 


Timing : 


? cpu | | | | | | . | | | | | | | | 


AnAciceu) {ro} PC+ 1 hhit+x(Y) (c+ . 
\ 


Operand Next , 
p Code 


te “py 
R/W cpu) 


226 


Absolute Indexed Y 


Instruction : ADC, AND, CMP, EOR, LDA, LDX, ORA, SBC 


Timing : 


Pcpu 


Operand 


*H” 





R/Wicpu) 


227 


Absolute Long 





Instruction : ADC, AND, CMP, EOR, LDA, ORA, SBC 


Timing : 


? cpu 


x Operand Operand Next 
DATA (ceu) p Code hhil pp Op Code | 


“uy” 
R/W cpu) 





Instruction : STA 


Timing : 


228 


Pcpu 


Ap(cpu) 


Opera Ope N 
p 


e “ay 
R/Wi cpu) 


Absolute Long 





Instruction : DIV, MPY 


Timing : 


vw Co XR XX XX = 


= “ny 
R/W, CPU) 





bese ast NG tO) aan ee. 


Next 


(Note) MPY instruction is 12-cycle, and DIV instruction is 23-cycle. 


229 


Absolute Long © 





Instruction : J MP 


Timing : 


cpu 


Apicpu) 


Operand Operand Next 
Op Code 
DATA cpu) hil pp Op Code 


és ” 


Q 
a 
: 
: 





R/Wicpu) 


Instruction : JSR 


Timing : 


nm (Xe Ke XX) 
am Co Xm KK KK 
COD ew CSC Ce 


— uy”? : 
R/W(cpu) 
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Absolute Long Indexed X 





Instruction : ADC, AND, CMP, EOR, LDA, ORA, SBC 


Timing : 


cpu 


Operand Operand Next 
DATA X Op Code 


66 H” 


AnAti(cpu) 





R/Wicpu) 


Instruction : STA 


Timing : 


cpu 


SoGed Operand Operand Next 

eenigi ode 

DATA: ceu p hhlt op Op Code 
: “Hy” 

R/Wi cpu) | | 


231 


Absolute Long Indexed X 





Instruction : DIV, MPY 


Timing : 


? cpu | | | | | | | | | | | | | | | 


ae “ui? 
R/W cpu) 


a — (Note) ——__» 
aaa ( pa) 


> ¢1) a 
oe Next 


(Note) MPY instruction is 12-cycle, and DIV instruction is 23-cycle. 


232 


Absolute Indirect 





Instruction : J MP 


Timing : 


? cpu | | | | | | | | | 


> 
O 
x 
> 
0 
= 


AnAL (cpu) 
Operand Next 
Op Code AD,AD 
R/W cpu) 


233 





Absolute Indirect Long 
fnetruction :- JMP 


Timing : 


? cpu 


Operand | Next 
“ny” all RS ES A IRS A FR SD A A TIS EC SN PS AE DRE ES EL CE ES SIE, 


R/W cpu) 


234 





Instruction : 


Timing : 


JMP 


Absolute Indexed X Indirect 


Apicpu) 


. 
G 
. 
l 


AnAvicru) (ro) PC+ 1 (ex ) 
Operand 
DATAccpu) Op Code ss Not used non 
hhil Op Code 


a H 
R/W cpu) 


Instruction : JSR 


Timing : 


% cpu 


AxnAvicpu: 


DATA‘ cpu) 


R/Wicpu) 


*H” 


Operand Next 
Op Code AD,YADL 
hhil Op Code 


235 


Stack | 





Instruction : PEA 


Timing : 


? cpu 


| Operand Next 
DATA cpu) ee eee mmnn Op Code 
lies “Hy” 
R/W cpu) | | 


Instruction : PE I 


Timing : 


? cpu | | | | | | | | | | | | | 





236 


Stack 





Instruction : PER 


Timing : 


cpu 


Operand Next 
DATA (cpu) Op Code 
mmnan Op Code 


_ eH” 
R/W(ceu) 


AnAricpeu) 


Instruction : PHA, PHD, PHP, PHX, PHY 


Timing : 


? cpu | | | | | | | | | | | 


DATA Op Code ee 
(CPU) Op Code 


6s yy 


—— H 
R/Wcpu) | | 
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Stack 





Instruction : PHB 


Timing : 


S.Co.cp.Go Gn Gn anes 


DATA(cpu) 


= ad had 
R/W cpu) 


Instruction : PHG, PHT 


Timing : 


? cpu | | | | | | | | | 
AyA(cpu) 


Next 
DATA(cpu) Op Code Op Code 


bc ” 


R/Wicpu) 
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Stack 





Instruction : PLA, PLD, PLX, PLY 


Timing : 


Next 
DATA; cpu) Op Code Op Code 


= eye 
R/Wicpu) 


Instruction : PLB 


Timing : 


de Bates Next 
DATAicpu) p Code Pp Lode Op Code 


“uy 


R/Wi cpu) 
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Stack 





Instruction : PLP 


Timing 


% cpu 


Ap(cpu) 


Next 
DATA (cpu) Op Code Op Code 


R/Wicpu) 


o 
: 
Ale 





instruction : PLT 


Timing 


? CPU 


P(CPU) 


0 
tl 
G 
i 


AnAvicpy) 


Next 
DATA Op Code 


“hy ” 


R/Wiceu) 


240 


Stack 





Instruction : PSH 


Timing : 





a 


P cpu 


“Eye 
R/Wieeur | | | | 


X Y DPR 
a $$ _ —_ — 


Caw 258 Eo Coe ele Cae Ge Cae eae ele 








) | : Next | 
Not used 
{or XX Notuses X pa XX Notused X notuses X es) Op Code 
(Note) This figure is an example pushed all the registers 


by PSH instruction. If any register is not pushed, 
its cycle (++) is nothing, 


241 


Stack 





Instruction : PUL 


Timing : 


DATA: ceu: 


ny? 
R/Wicpy: 





DT DPR Y 
Od 








| 


CX XOX” 
Ga Xn Ke XX Kw Xe KX) 








Op Code 


(Note) This figure is an example pulled ail the registers 
by PUL instruction. If some register is not pulled, 
its cycle (++) is nothing. 








242 


Relative 





Instruction :BRA 


Timing : 


Res (rc) PC+ | ( ro+n ) 


Operand Next 
p e 


be ” 
H 





R/Wiceu) 


Instruction :BCC, BCS, BEQ, BMI, BNE, BPL, BVC, BVS 


Timing : 


Branched 


ww XX er) 
Sea Ciao GD Gd Gea) Ge GD 


ae. aa ia 
R/W cpu) 





<= SS 
When not branch, this cycle is nothing. 


243 


Direct Bit Relative 





Instruction : BBC, BBS 


Timing 


DPRL#0, m=0, Branched 


? cpu 


O gu Operand O je Next 


R/Wicpu) 


| 


Sn << 


When DPR.=9, this cycle is nothing. When not branch, this cycle is nothing. 


When m=1, fetched operand at 5-th cycle is 1-byte(nn). 
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Absolute Bit Relative 





Instruction: BBC, BBS 


Timing : 


m=0, Branched 


— (Xe X= KKK Ker) 
wa Co Xen X= Ken Xs Xo) 
ance Kovom EY om Kam Mam Keer Koro mms) 


: aa ad 
R/W cpu) 





—_—— — _ > 


When not branch, this cycle is nothing. 





When m=1, fetched operand at 4-th cycle is 1-byte(nn). 
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Stack Pointer Relative 





Instruction : ADC, AND, CMP, EOR, LDA, ORA, SBC 


Timing : 


$cpu | | | | | | | | | | | 


Next 


oe “uy 
R/W cpu) 


Instruction : STA 


Timing : 


“y CPU 


rr 
— “ny 
R/Wicpu. : | | 


AnAL(cpu) 
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Stack Pointer Relative 


Instruction : DIV, MPY 


Timing : 


cpu 


R/W cpu) 


66 ” 


Not d Next 
_ Notused X Notused X Notused SP Gode 


(Note) MPY instruction is 12-cycle, and DIV instruction is 23-cycle. 
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Stack Pointer Relative Indirect Indexed Y 





Instruction : ADC, AND, CMP, EOR, LDA, ORA, SBC 


Timing : 


$ cpu 


ADA 
+Y 
Operand Next \ 


ie a= hat 
R/W cpu) 


AwAu(cpu) 





Instruction : STA 


Timing : 


Pcpu 


PC+ 1 St+rr AD,AD._+Y 
Operand 
rr p Vode 


—_ “Hi” 
R/Wceu) 


AnAu(cpu) 
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Stack Pointer Relative Indirect Indexed Y 
Instruction : DIV, MPY 


Timing : 


mow {re X20 X re Xr KX Keown Xo X wow 


cs Hlceseerretenereiereeeeeepeneenereemeneneneneenemenennimeememnnenenetenmetnmenmemmemnsanmnansnammmemenmmmnmanmaae sme oreemetaaneammme amen eemeenere arom eeecemeneseneameed — ewe cee cme eee eee ee ee ee eee 


R/Wrepu) 





(Note) MPY instruction is 12-cycle, and DIV instruction is 23-cycle. 
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Block Transfer 





Instruction : MVN 
Timing : 


-——___—_—_——___—-_ Repeat this cycle 


AnAciceu) 


DATA‘ cpu) 


“a a) 





R/Wicpu) 


(Target Bank) (Source Bank) 


Target Bank dd 
ERE EF GY 
| Ne 


x< 
as 


(Note) This figure is shown that transfered the 2-bytes data started from even 
address. If transfered more than 3-bytes data, the cycle(++) is repeated 


each 2-bytes. 
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Block Transfer 





Instruction : MVP 
Timing : 


jp —______———_——_______—— Repeat this cycle 


Popu 


“uy 
R/W(ceu) (Target Bank) (Source Bank) 


aR a 
Se Ga wee SS SD 
Next 
Not used Not used Not used Op Code 


(Note) This figure is shown that transfered the 2-bytes data started from even 


address. If transfered more than 3-bytes data, the cycle(++) is repeated 


each 2-bytes. 
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MACHINE INSTRUCTIONS 













































































































































































































































































































































































Addressing mode 
Symbol Function Details 
ADC Acc,C + Acc tM+C | Adds the carry, the accumulator and the memory contents. 
(Note 1,2) The result is entered into the accumulator. When the D 
flag is “O”, binary additions is done, and when the D flag is 
1”, decimal addition is done. 
a i 
AND Acc * AccAM Obtains the logical product of the contents of the accumu- 
(Note 1,2) lator and the contents of the memory. The result is en- 
tered into the accumulator. , 
ASL m=0 Shifts the accumulator or the memory contents one bit to 
(Note 1) [c]—{ bis] --- bg +0 the left. “O” is entered into bit 0 of the accumulator or the 
aa memory. The contents of bit 15 (bit 7 when the m flag is 
1”) of the accumulator or memory before shift is entered 
[C}-{b7| [bo |+-0 into the C flag. 
BBC Mb=0” Tests the specified bit of the memory. Branches when all 
(Note 3,5) | the contents of the specified bit is “0”. 
pes eee 
BBS Mb=1° Tests the specified bit of the memory. Branches when all 
(Note 3,5) the contents of the specified bit is “1”. 
BCC Cc=0? Branches when the contents of the C flag is “0”. 
(Note 3) | 
BCS Cc=1” : Branches when the contents of the C flag is “1”. 
(Note 3) ' 
Se Reon 4 —. 
BEQ Z=1°? Branches when the contents of the Z flag is “1”. 
(Note 3) 
op 
BMI N=1? Branches when the contents of the N flag is “1”. 
(Note 3) 
BNE z=0? Branches when the contents of the Z flag is “0”. 
(Note 3) ‘er ose — - 
BPL N=0° Branches when the contents of the N flag is “0”. 
(Note 3) 
BRA PC+-PC offset Jumps to the address indicated by the program counter 
(Note 4) | PG*+-PG+1 plus the offset value. 
(carry occured) 
PG+PG—| 
(borrow occured) 
wae = as 
BRK PC+-PC+2 | Executes software interruption. 
M(S)+-PG 
$+S—] 
M(S)+-PCy 
S+S~—] 
M(S)PC, 
$+S—] 
M(S)+-PSy 
S+-S—-1 
M(S) PS; 
S+S—] 
i] 
PC. ADL 
PCH*-ADy 
Hace: 
| __ es eit Ba Ne 
1 BVC V=0? Branches when the contents of the V flag is “QO”. 
(Note 3) ie 
BVS V=1? Branches when the contents of the V flag is “1”. 
(Note 3) 
ze: 7 - : hess : eit 
CLB Mb=-0 Makes the contents of the specified bit in the memory “0”. 
(Note 5) 
| ~ | 
CLC C0 Makes the contents of the C flag “O”. 2 
CLI 1-0 Makes the contents of the | flag “0”. 
CLM line Makes the contents of the m vflag “Oe ‘0. oral 
CLP PSb+-0 | Specifies the bit position in the processor status register by the bit C2 
J pattern of the second byte in the instruction, and sets “0” in that bit. 
CLV V-0 Makes the contents of the V flag “0”. 
mer a 
CMP Acc—M Compares the contents of the accumulator with the contents of cue 
(Note 1,2) the memory. 
42 
C9 
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Addressing mode Processor status register 
























































































































































L(DIR)|L(DIR),Y]| ABS | ABS,b|ABS,X|ABS,Y} ABL | ABL,X | (ABS) |L(ABS)I(ABS,X)| STK | REL | DIRbR | ABSbR]| SR |(SR),Y| BLK 9/8/716/514/3 [2 1/0 
a 1 ~~ say Sia Ga ape pope . 1 tf oo +} 
op| n | # Jop| n ol | eee ee eae ee ie eae ial IPL IN/Vim|x/D/i1/Z 
4 : actos lagese Beene cen tl Pate) Eines Conene eee ones Euees Garman Ee wom Cou ae ae pe (eso 4 1 t 
67/10} 2 177/11] 2 16D) 4 | 3 701 6 3 |6F| 614 |7F| 7) 4 63] 5 | 2173/8} 2 
fs L ae L | | 
42(12| 3 142113] 3 la2l 6 14 42 41421815 142/915 42\7 | 3 142\10) 3 
7F | 63 73 
ee a al me a es +++ poss ESD VA Wes Ur Ws ces Ct We UP (es 
6| 4 |3F)7| 4 23/5 | 2 [33/8 | 2 
8{5 la2i9}5 
3F 
~~~ oe ees tare bine Ee = 
OEE a Ee ore oe - 
oe —ft 
oe + —-p-- 
= pf ff fe fe pm ef oe fe pt 
aa Oe 
sey Sz (ae a tl FAG UR 
































— 
















































| Specified 


comes “0”. 







































































8} 42|9|5 
DF 


















































6/4 lor 7\4 | 
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Addressing mode 












































Symbol Function Details IMP | IMM A DIR | DIR,b | DIR,X | DIR,Y | (DIR) | (DIR,.X) | (DIR),Y 
7 > as as ie a 7 > aan 7 T 
op} n| # lop] n | #]op| n | # jop| n | #]op| nop] n | Hop] nj + ]op| n)#fop|'n |+#lop| n| 4 
—}-——_—---— : - + T 

CPX X—M Compares the contents of the index register X with the E0)2| 2 £4) 4/2 zi 

(Note 1, 2) . contents of the memory. 

+ +~ + nS + ~+—— 

CPY Y-—M Compares the contents of the index register Y with the C0} 2) 2 C4) 4} 2 

(Note 1, 2) contents of the memory. 
DEC Acc*-Acc—1 or Decrements the contents of the accumlator or memory by 

(Note 1) | MM—1 1. 




















DEX X+-X—-1 Decrements the contents of the index register X by 1. 
DEY Y=yY=4 Decrements the contents of the index register Y by 1. 
DIV A(quotient)+-B,A/M__| The numeral that places the contents of accumulator B to the higher order and the 
(Note 2,10) | B(remainder) contents of accumulator A to the lower order is divided by the contents of the memory. 


The quotient is entered into accumulator A and the remainder into accumulator B. 

















EOR Acc*-Acc¥M Logical exclusive sum is obtained of the contents of the 
(Note 1,2) accumulator and the contents of the memory. The result is 
placed into the accumulator. 











INC Acct-Acct! or Increments the contents of the accumulator or memory by 
(Note 1) | M <—M+1 1. 








INX X-X+1 Increments the contents of the index register X by 1. 




















INY ¥oY+1 increments the contents of the index register Y by 1. 
——}-—— 


JMP ABS Places a new address into the program counter and jumps 
PC, + ADL to that new address. 
PCy = ADy 





ABL 

PCL i ADL 
PCH + ADY 
PG*-ADg 


(ABS) 
PC, (ADu, AD, ) 
PCy +-(ADy, AD. +1) 





L(ABS) 

PC, —(ADy, AD_) 
PCy —(ADy, AD, +1) 
PG «-(ADy, AD, +2) 








(ABS, X) 

PC.:+-(ADy, ADL +X) 

PCy — (ADy, ADL +X 
+1) 


JSR ABS Saves the contents of the program counter (also the con- 
M(S)+ PCy tents of the program bank register for ABL) into the stack, 
$+S—] and jumps to the new address. 

M(S)<— PCL 
S+S—] 
PC. + ADL 
PCy ADy 


























ABL 
M(S)+- PG 
S+S-]1 
M(S)*— PCy 
S+S-—-1 
M(S)+PC, 
$+s-] 
PC, + ADL. 
PCy + ADy 
PG + ADg 


















































(ABS, X) 

M(S)*+ PCy 

S+S—1 

M(S)+ PC, 

S+S-—1 

PC, +(ADy, AD, +X) 

PCy +(ADu, AD,_+X 
+1) 
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Addressing mode Processor status register 
L(DIR),Y} ABS ABS,b ABS,X ABS. Y ABL_ ABLX (ABS) L(ABS)}(A ABS,X)| STK DIRDR ABS,b,R| SR ),Y} BLK }10)9 


Hees eee alts p| | on|m | on] m| 3 [on] n] 3 [op|n | lost sete 
iN Wa ERA 
li If 






























































































































































cb tr 
tL | 
35 ; 89} 36) 3 ty 89/30} 3/89/33) 3 
37 2D 23 33 
2 197/11) 2 }4D 53) 8 | 2 








> 





42/12) 3 |42/13} 3 |42| 6 
47 57 4D 














z 

° 
ae © 

ry 

e 

N 





















































6C| 4 | 3 JDC 
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Addressing mode 
Symbol Function Details A DIR | DIR,b | DIR,X | DIR,Y } (DIR) | (DIR,X) | (DIR).Y 
1 | # [on] m |] op| n+ fon) m2 on] m | # [0p] m | #00] 2] 3 on] n | 
LDA Acc *~ M Enters the contents of the memory into the accumulator. Ad} 4] 2 Bo ae B2;} 6) 2 jAli 7| 2/B1| 8) 2 
(Note 1,2) 
421613 42|7)| 3 42) 8 | 3 142) 9) 3/42/10) 3 
AD B5 B2 All Bl 
T ai i 
LDM M+ IMM Enters the immediate value into the memory. 64| 4} 3 7415} 3 
(Note 5) 
T TT 1 ice 
LDT DT «+ IMM Enters the immediate value into the data bank register. 
ae , | r 
LDX X+-M Enters the contents of the memory into index register X. Ab) 4) 2 B6) 542 
(Note 1, 2) 
LDY Y*<M Enters the contents of the memory into index register Y. 
(Note 1,2) | 
LSR m=0 Shifts the contents of the accumulator or the contents of 
(Note 1) 0—[bisl [bo bec the memory one bit to the right. The bit 0 of the accumula- 
aie : tor or the memory is entered into the C flag. “O” is entered 
an into bit 15 (bit 7 when the m flag is “1”.) 
0-[ by] -- [bo |e 
MPY B, As-A*M Multiplies the contents of accumulator A and the contents of the mem- 89}20} 3 189/21} 3 |89/22) 3 
(Note 2,11) ory. The higher order of the result of operation are entered into accu- 12 01 1] 
mulator B, and the lower order into accumulator A. 
MVN Mn-+ieMm-+i Transmits the data block. The transmission is done from 
(Note 8) the lower order address of the block. 
MVP Mn—i+-Mm-~—i Transmits the data block. Transmission is done form the 
(Note 9) higher order address of the data block. 
NOP PC+-PC+1 Advances the program counter, but performs nothing else. anes Rie 
ORA Acc*-AccVM Logical sum per bit of the contents of the accumulator and 12/6/2101; 7/2111/812 
(Note 1,2) the contents of the memory is obtained. The result is en- 
tered into the accumulator. 42| 8 | 3 142) 9 | 3 /42|10} 3 
12 01 
M(S)+-IMM2 The 3rd and the 2nd bytes of the instruction are saved into 
S-S-] the stack, in this order. 
M(S)+-IMMy 
S+S—-] 
M(S)+M((DPR)+IMM | Specifies 2 sequential bytes in the direct page in the 2nd 
+1) byte of the instruction, and saves the contents into the 
S+S-—] stack. 
M(S)*-M((DPR)+IMM) 
S+S-—1 
EAR*-PC+IMM2,IMM1 Regards the 2nd and 3rd bytes of the instruction as 16-bit 
M(S)-EARy numerals, adds them to the program counter, and saves 
S+S—] the result into the stack. , 
M(S)*-EAR, 






S-S—] 
















m=0 
M(S)—Ay 
S-S-—] 

M(S)*-AL 
S+S-] 


m=1 
M(S)AL 
S+S-] 



















m=0 
M(S)+-By 
S+S—1 

M(S)+-BL 
S+S—1 


m=] 
M(S)-B. 
S+S—l 








Saves the contents of accumulator A into the stack. 








Saves the contents of accumulator B into the stack. 

















































































| Mere 
— 
a 
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Addressing mode 


L(DIR),Y} ABS | ABS,b] ABS,X]|ABS,Y| ABL | ABL,X | (ABS) JL(ABS)I(ABS.X)] STK | REL | DIR,bR|ABSbR} SR I( 


Processor status register 


















SR),Y| BLK 
; T 
fmf ooo nln | # op! n| + 
A3] 5 | 2 }B3 
3 


























BD| 6 | 3 |B9| 6 | 3 JAF] 6 | 4 |BFI 7 | 4 








42] 8 | 4 142) 8 | 4 }42) 8/5 }421915 
BD B9 AF BF 


























9E| 6} 4 

























































































































































































D4) 5} 2 























62/5 | 3 




















48) 4| 1 
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Symbol 


Function 


Lf 


: APPENDIX B 


Series MELPS 7700 Machine Instructions 


Details 





Addressing mode 











PHD 


PHG 





M(S)+-DPRy 
S+S—] 
M(S)+-DPR, 
S+S—] 


M(S)+PG 
S+-S-1 


Saves the contents of the direct page register into the 
stack. 








Saves the contents of the program bank register into the 
stack. 





PHP 





M(S)+-PSy 
S+S—] 
M(S)+-PS, 
S+S—-1 


Saves the contents of the program status register into the 
stack. 





























PHT 


PHX 


PHY 


PLA 











M(S)+DT 
S+S-1 


x=0 
M(S)*Xy 
S+S—1 
M(S) =X: 
S-S—1 


x=] 
M(S)*-Xi 
S+S-—1 


Saves the contents of the data bank register into the 
stack. 











Saves the contents of the index register X into the stack. 








x=0 
M(S)-Yu 
S+S~-1 
M(S)-Y_ 
S+S-] 


x=] 
M(S)<-Y, 
S+S—] 


m=0 
S+S+1 
AL*-M(S) 
S+S+1 
Au*-M(S) 


m=1 
S+S+1 
AL~-M(S) 


Saves the contents of the index register Y into the stack. 





Restores the contents of the stack on the accumulator A. 














PLB 


PLD 


PLP 


PLT 


PLX 
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m=0 
S+-S+1 
BL+-M(S) 
S+S+1 
Bu*-M(S) 


m=] 
S+St+1 
Bi+-M(S) 


S+S+1 
DPR_+-M(S) 
S+S+1 
DPRH+-M(S) 


S+S+1 
PS_*-M(S) 
S-S+1 
PSy+-M(S) 


S+S+1 
DT+M(S) 


x==0 


Restores the contents of the stack on the accumulator B. 









































.| Restores the contents of the stack on the direct page reg- 
ister. 


Restores the contents of the stack on the processor status 
register. 








Restores the contents of the stack on the data bank reg- 
ister. 


Restores the contents of the stack on the index register X. 
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Addressing mode Processor status register 


L(DIR)|L(DIR),Y} ABS | ABS,b | ABS,X | ABS,Y| ABL | ABL,X | (ABS) |L(ABS)|(ABS.X)} STK | REL | DIRbR | ABSbR| SR |(SR),Y| BLK i098 af 4/3;2/1/0 





on 











op | | #|on| ||| fon] | fon] mop m| sop] |] n | [opm] 2 [oe|n] [om] m| lop] m +] |r| [on] n| [opm] [0p] m|2]0p| m2] 00] n| 8 IPL N|V{m| x} Dj | Z/C 
+ rs + oe or oo oo on - ~ — 


oalalil | | | ET a Silk et ise [ral erl co lixcltw ave 


FEEFEEEI [ 














































































































































































































tilt 


Value saved in stack. 
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Addressing mode 








Function Details DIR | DIR,b | DIR,X }| DIR,Y | (DIR) | (DIR.X) | (DIR),Y 





# |op| n | # |op] n | # op) n | op) | fop| | # lop) n | # Jop| n | # 


+ 


4. 








Restores the contents of the stack on the index register Y. 








Saves the registers among accumulator, index register, 
(Note 6) direct page register, data bank register, program bank 
register, or processor status register, specified by the bit 
pattern of the second byte of the instruction into the stack. 











PUL Restores the contents of the stack to the registers among 

(Note 7) accumulator, index register, direct page register, data 
bank register, or processor status register, specified by 
the bit pattern of the second byte of the instruction. 





ae 
RLA m=0 Rotates the contents of the accumulator A, n bits to the 
(Note 13) | n bit rotate left left. 



















m=\1 
n bit rotate left 




















m=0 


Lalo] 


Links the accumulator or the memory to C flag, and rotates 
result to the left by 1 bit. 





(Note 1) 


m=1 


eH] 


ROR m=0 Links the accumulator or the memory to C flag, and rotates 


(Note 1) =i result to the right by 1 bit. 
[c]—[ bis = bo 





















































































S-S+1 . Returns from the interruption routine. 
PS_+-M(S) 
S-S+1 
PSH*+-M(S) 
S-S+]1 
PC_*+-M(S) 
S-S+1 
PCy*-M(S) 
S-S+1 
PG+M(S) 


S+S+1 | Returns from the subroutine. The contents of the program |6B 
PC,+-M(S) bank register are also restored. 
S-S+1. 
PCy+-M(S) 
S+S+1 
PG+M(S) 


S-S+1 Returns from the subroutine. The contents of the program |60 
PC_L+M(S) bank register are not restored. 
S-S+1 . 
PCy+-M(S) 





































































































SBC 
(Note 1,2) 








Acc; C+Acc—-M—C Subtracts the contents of the memory and the borrow from 
the contents of the accumulator. 
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Addressing mode 


Processor status register 































































































































































































. - . . : ae Fee, ; ote : Teagias 
L(DIR)|L(DIR),Y| ABS | ABS,b | ABS,X|ABS,Y |] ABL | ABL,X| (ABS) |L(ABS)|(ABS,X)| STK | REL | DIRb.R | ABSbR| SR |(SR),Y| BLK 76 
2 — 
op] | # Jon) 1] # op] n lop] n!} Hop] n|#}op| n| lop] n fo] n| [on] nfo] n] #0] n| #0] nen] n| no #Jop| n #op| n | # [op] | # op] n | # 
| TA|5} 1 
—- — En EEE ED led tT mah --f- +. —_——— ot Ft — wees - ——— ~+— + + + com Sane ace memarean _ —— 
EB}12] 2 
+ 
2i; +i2 
| {4 Sleals Neale 
FB}14} 2 If restored the contents of PS, 
Fel it becomes its value. And the 
3i1+4i2 ; 
other case is no change. 
7 io tp r + to 
2E| 7/3 
— —. 
6E| 7) 3 
eee ci L 7 + L LE pe. hd. ake 
Value saved in stack.. 
| | 
A ED| 4 | 3 2 
3142614 3 
ED 
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STA 
(Note 1) 
STP 


Function 


Details 










Makes the contents of the specified bit in the memory “1”. 


Makes the contents of the C flag “1”. 











Makes the contents of the | flag “1”. 









Makes the contents of the m flag “1”. 


Set the specified bit of the processor status register’s low- 
er byte (PS,) to “1”. 








Stores the contents of the accumulator into the memory. 









Stops the oscillation of the oscillator. 





STX 


TAS 





Stores the contents of the index register X into the memory. 


je] | BTS] 
7 eee eee SE ee 
ca ee ee es ee 









i eae 


of. 

Om Nn 
[op] > 
w nh 


Addressing mode 












eo] mn 
























n|#lopin 
TT 










Qo 
am 
faa 
Q 
2. 
“< 








(eae aS Se a 
aaa es ES 











ee ae es ee 








pa 
Nh 
wo 





i<e] 
RO 


S 
™S 
Ee ee ee ee 


Ss} S) | ht 8 
— fh — 


ee ee eee el a ee 
RS SD 
Ss} SP ot | tT ft 8 
Fae a ee | ee 
a) Se 





Stores the contents of the index register Y into the memory. 





Transmits the contents of the accumulator A to the direct 
page register. 






Transmits the contents of the accumulator A to the stack pointer. 


Transmits the contents of the accumulator A to the index 
register X. 











Transmits the contents of the accumulator A to the index 
register Y. 


DPR+-B Transmits the contents of the accumulator B to the direct 
page register 


S Transmits the contents of the accumulator B to the stack 
pointer. 


Transmits the contents of the accumulator B to the index 
register X. 





Transmits the contents of the direct page register to the 


accumulator A 


Transmits the contents of the direct page register to the 
accumulator B 


Transmits the contents of the stack pointer to the accumulator A 


Transmits the contents of the stack pointer to the accumu- 
lator B. 


xX 
TBY Y Transmits the contents of the accumulator B to the index 
register Y 


T Transmits the contents of the stack pointer to the index 
register X. 














TYB 






| TAY 
TBD 
TBS -B 
TBX | +B 
-B 
TDA A+-DPR 
TDB B--DPR 
TSA AS 
TSB B-S 
SX XS 
TXA A+-X a 


Transmits the contents of the index register X to the accu- 
mulator A. 


Transmits the contents of the index register X to the accu- 
mulator B. 


Transmits the contents of the index register X to the stack 
pointer. 


Transmits the contents of the index register X to the index 
register Y. 


Transmits the contents of the index register Y to the accu- 
mulator A. 


Transmits the contents of the index register Y to the accu- 
mulator B. 


Transmits the contents of the index register Y to the index 
register X. 
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Stops the internal clock. 











Exchanges the contents of the accumulator A and the con- 





tents of the accumulator B. 


[?) 
wo 


eS ee ee 


No 
oOo oO 


i es es ee 




























































































262 


APPENDIX B 
Series MELPS 7700 Machine Instructions 












Addressing mode Processor status register 





L(DIR)|L(DIR),Y] ABS ABS.b ABS.X ABS.Y ABL “ABLX (ABS) L(ABS)] (ABS.X) “STK REL ‘DIRDR ABS.bR} SR {(SR),Y| BLK iol 9/8 7 


0 #0] [+o] m]# [ol] fn] mop] mf] | on] |||» || 0p| 9 # [ol | TTT 
0C0}9}4 wo lie 
f | i } }. 4 
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: Specified flag ‘bee 
comes “1”. 
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| APPENDIX B 
Series MELPS 7700 Machine Instructions 





The number of cycles shown in the table is described in case of the fastest mode for each instruction. The number of cycles shown in the table is 
calculated for DPR_=0. The number of cycles in the addressing mode concerning the DPR when DPR,_+0 must be incremented by 1. 

The number of cycles shown in the table differs according to the bytes fetched into the instruction queue buffer, or according to whether the memory 
' read/write address is odd or even. It also differs when the external region memory is accessed by BYTE=“H”. 


Note 


Note 


Note 


Note 


Note 


Note 


Note 


Note 


Note 


Note 


Note 


Note 


Note 


1. The operation code at the upper row is used for accumulator A, and the operation at the lower row is used for accumulator B. 
2. When setting flag m=O to handle the data as 16-bit data in the immediate addressing mode, the number of bytes increments by 1. 
3. The number of cycles increments by 2 when branching. 


4. The operation code on the upper row is used for branching in the range of —128~+127, and the operation code on the lower row is used for 
branching in the range of —32768~+32767. 


5. When handling 16-bit data with flag m=O, the byte in the table is incremented by 1. 
6. 
Type of register | A B Y | DPR| DT 
Number of cycles Z Zz 2 2 2 1 ] 2 
The number of cycles corresponding to the register to be pushed are added. The number of cycles when no pushing is done is 12. i, indicates 
the number of registers among A, B, X, Y, DPR, and PS to be saved, while iz indicates the number of registers among DT and PG to be saved. 





i 


Type of register A B DPR | DT PS 
Number of cycles | 3 3 So 8 4 3 3 


The number of cycles corresponding to the register to be pulled are added. The number of cycles when no pulling is done is 14. i, indicates the 
number of registers among A, B, X, Y, DT, and PS to be restored, while i2=1 when DPR is to be restored. 








8. The number of cycles is the case when the number of bytes to be transfered is even. 
When the number of bytes to be transfered is odd, the number is calculated as; 


PP U2) KIA 
Note that, (i/2) shows the integer part when i is divided by 2. 


9. The number of cycles is the case when the number of bytes to be transfered is even. 
When the number of bytes to be transfered is odd, the number is calculated as; 


9+ (1/2) X7+5 | 
Note that, (i/2) shows the integer part when i is divided by 2. 
10. The number of cycles is the case in the 16-bit+8-bit operation. The number of cycles is incremented by 16 for 32-bit+ 16-bit operation. 
11. The number of cycles is the case in the 8-bitX8-bit operation. The number of cycles is incremented by 8 for 16-bit X 16-bit operation. 
12. When setting flag x=0 to handle the data as 16-bit data in the immediate addressing mode, the number of bytes increments by 1. 


13. When flag m is 0, the byte in the table is'incremented by 1. 


Symbol 


+—— ies Se 


APPENDIX B 


Series MELPS 7700 Machine Instructions 


Description 





IMP 

IMM 

A 

DIR 

DIR, b 
DIR, X 
DIR, Y 
(DIR) 
(DIR, X) 
(DIR), Y 
L (DIR) 

L (DIR), Y 
ABS 

ABS, b 
ABS, X 
ABS, Y 
ABL 

ABL, X 
(ABS) 

L (ABS) 
(ABS, X) 
STK 

REL 

DIR, b, REL 
ABS, b, REL 
SR 

(SR), Y 


BLK 





Description 





Implied addressing mode 


Immediate addressing mode 

Accumulator addressing mode 

Direct addressing mode 

Direct bit addressing mode 

Direct indexed X addressing mode 

Direct indexed Y addressing mode 

Direct indirect addressing mode 

Direct indexed X indirect addressing mode 
Direct indirect indexed Y addressing mode 
Direct indirect long addressing mode 
Direct indirect long indexed Y addressing mode 
Absolute addressing mode 

Absolute bit addressing mode 

Absolute indexed X addressing mode 
Absolute indexed Y addressing mode 
Absolute long addressing mode 

Absolute long indexed X addressing mode 
Absolute indirect addressing mode 
Absolute indirect long addressing mode 
Absolute indexed X indirect addressing mode 
Stack addressing mode 

Relative addressing mode 

Direct bit relative addressing mode 
Absolute bit relative addressing mode 
Stack pointer relative addressing mode 


Stack pointer relative indirect indexed Y addressing 
mode 


Block transfer addressing mode 
Carry flag 

Zero flag 

Interrupt disable flag 

Decimal operation mode flag 
Index register length selection flag 
Data length selection flag 
Overflow flag 

Negative flag 

Processor interrupt priority level 
Addition 

Subtraction 

Multiplication 

Division 

Logical AND 

Logical OR 





Exclusive OR 

Negation 

Movement to the arrow direction 
Accumulator 

Accumulator’s upper 8 bits 
Accumulator’s lower 8 bits 
Accumulator A 

Accumulator A’s upper 8 bits 
Accumulator A's lower 8 bits 
Accumulator B 

Accumulator B’s upper 8 bits 
Accumulator B’s lower 8 bits 
index register X 

Index register X’s upper 8 bits 
Index register X’s lower 8 bits 
Index register Y 

Index register Y’s upper 8 bits 
Index register Y’s lower 8 bits 
Stack pointer 

Program counter 

Program counter’s upper 8 bits 
Program counter’s lower 8 bits 
Program bank register 

Data bank register 

Direct page register 

Direct page register’s upper 8 bits 
Direct page register’s lower 8 bits 
Processor status register 
Processor status register’s upper 8 bits 
Processor status register’s lower 8 bits 
Processor status register’s b-th bit 


Contents of memory at address indicated by stack 
pointer 


b-th memory location 

Value of 24-bit address’s upper 8-bit (Az3~Aig) 
Value of 24-bit address’s middle 8-bit (Ais~Ag) 
Value of 24-bit address’s lower 8-bit (A7~Ao) 
Operation code 

Number of cycle 

Number of byte 


Number of transfer byte or rotation 


‘Number of registers pushed or pulled 
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INSTRUCTION CODE TABLE-1 


Hexadecimal 


D3~ oe 


APPENDIX C 
Series MELPS 7700 Instruction Code Table 





notation 


A,(DIR,X) 





A,|IMM 





ORA 


A.(DIR),Y 


ORA 


A,(DIR) 


ORA 


A,ABS,Y 


ORA 


A,ABS | 





ORA 





AND 


A,(DIR,X) 
4. 


JSR 


ABL 


[ A,SR_ |{DIR,b,R 


AND 


A,|MM 





AND 





A,(DIR),Y 








| EOR 


A,(DIR),Y 


AND 


A,( DIR) 


EOR 
Note 1 
A,(DIR,X) 


EOR 


|A,(DIR) 





A,(SR),Y/DIR,b,R}A,DIR,X 
T 


|A,ABS.Y 


AND 


A,ABS,X 
AND 


A,ABS 





AND 


A,ABS,X 





EOR 


A,SR 


| EOR | 


A,IMM 


EOR 


A,ABS 





EOR 


|A.(SR)¥ 


4 


EOR 


A,ABS.Y| 


EOR 


A,ABS.X| 





| ADC 


A,(DIR,X) 


PER 


ADC 


A,SR 


ADC 


A,IMM | 


ADC 


A,ABS 
tt 





ADC 


A,(DIR),Y 





ADC 


A,(DIR) 


ADC 


A,(SR),Y 





ADC 





A,ABS,Y 


LDA 


A,IMM 





LDA 


A,ABS,Y 


A,ABS 


A,ABS,X 





ADC 


A,ABS,X 


STA 


A,ABS,X 
LDA 


LDA 





CMP 


A,IMM | 














CMP 


A,ABS,Y 


CMP 











SBC 


A,IMM 





Note 1: 


Note 2: 
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A,DIR,X} DIR,X [AL(DIR),Y 


421.6 specifies the contents of the INSTRUCTION CODE TABLE-2. 


About the second word’s codes, refer to the INSTRUCTION CODE TABLE-2. 


89,6 specifies the contents of the INSTRUCTION CODE TABLE-3. 
About the third word’s codes, refer to the INSTRUCTION CODE TABLE-2. 








A,ABS,Y 





SBC 


A,ABS 











SBC 








A,ABS,X 





APPENDIX C 
Series MELPS 7700 Instruction Code Table 





INSTRUCTION CODE TABLE-2 (The first word’s code of each instruction is 42,,) 














B,IMM 
Hct baehl D 
ORA ORA 











eee DIR, [B.ABS.Y| 
AND AND 





B,SR , B,IMM 
-—— —t 
AND AND 





























B,(DIR),Y 
| 
a 
B,(DIR,X) 
1 2 
ADC 








B,(DIR),Y 


B,DIR,X B,L(DIR), B,ABS,Y 
LDA 





B,(DIR,X) 
LDA 


(DIR).Y 














CMP 


B,(DIR,X) B,SR 
cmp | cmp | CMP 





_{B(DIR) Y\B,(DIR)|B,(SR).¥ 
SBC SBC 








8 (01RX)| : B.SR 
| spc | ssc | ssc 









































B,(DIR), YB, (DIR)|B,(SR),Y 
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INSTRUCTION CODE TABLE-3 (The first word’s code of each instruction is 89,,) 





Hexadecimal 
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CONTACT ADDRESSES FOR FURTHER INFORMATION 


JAPAN .. SS eee ai ee 


Semiconductor Marketing Division 
Mitsubishi Electric Corporation 
2-3, Marunouchi 2-chome 
Chiyoda-ku, Tokyo 100, Japan 


Telex: 24532 MELCO J 
Telephone: (03) 218-3473 
(03) 218-3499 


Facsimile: (03) 214-5570 


Overseas Marketing Manager 
Kita-Itami Works 

4-1, Mizuhara, Itami-shi, 
Hyogo-ken 664, Japan 

Telex: 526408 KMELCO J 
Telephone: (0727) 82-5131 
Facsimile: (0727) 72-2329 





HONG KONG ——— Se 
MITSUBISHI ELECTRIC (HK) LTD. 
25 Floor, Leighton Centre, 

77, Leighton Road. Causeway Bay. 
Hong Kong 

Telex: 60800 MELCO HX 
Telephone: (5) 773901-3 

Facsimile: (5) 895-3104 








SINGAPORE 
MELCO SALES SINGAPORE PTE. 
LTD. 

230 Upper Bukit Timah Road # 03- 
01/15 

Hock Soon Industrial Complex 
Singapore 2158 

Telex: RS 20845 MELCO 
Telephone: 4695255 

Facsimile: 4695347 








TAIWAN = = 





MELCO-TAIWAN CoO., Ltd. 
1st fl., Chung-Ling Bldg., 

363, Sec. 2, Fu-Hsing S Road, 
Taipei R.O.C. 

Telephone: (02) 735-3030 
Facsimile: (02) 735-6771 








Telex: 25433 CHURYO “MELCO- 
TAIWAN” 

U.S.A. 

NORTHWEST 


Mitsubishi Electronics America, Inc. 
1050 East Arques Avenue 
Sunnyvale, CA 94086 

Telephone: (408) 730-5900 
Facsimile: (408) 730-4972 


SAN DIEGO 

Mitsubishi Electronics America, Inc. 
11545 West Bernardo Court 

Suite 100 

San Diego, CA 92128 

Telephone: (619) 592-1445 
Facsimile: (619) 592-0242 


DENVER 

Mitsubishi Electronics America, Inc. 
4600 South Ulster Street 
Metropoint Building, 7th Floor 
Denver, CO 80237 

Telephone: (303) 740-6775 
Facsimile: (803) 694-0613 





SOUTHWEST 

Mitsubishi Electronics America, Inc. 
991 Knox Street 

Torrance, CA 90502 

Telephone: (213) 515-3993 
Facsimile: (213) 217-5781 


SOUTH CENTRAL 

Mitsubishi Electronics America, Inc. 
1501 Luna Road, Suite 124 
Carrollton, TX 75006 

Telephone: (214) 484-1919 
Facsimile: (214) 243-0207 


NORTHERN 

Mitsubishi Electronics America, Inc. 
15612 Highway 7 #243 
Minnetonka, MN 55345 

Telephone: (612) 938-7779 
Facsimile: (612) 938-5125 


NORTH CENTRAL 

Mitsubishi Electronics America, Inc. 
800 N. Bierman Circle 

Mt. Prospect, IL 60056 

Telephone: (312) 298-9223 
Facsimile: (312) 298-0567 


NORTHEAST 

Mitsubishi Electronics America, Inc. 
200 Unicorn Park Drive 

Woburn, MA 01801 

Telephone: (617) 932-5700 
Facsimile: (617) 938-1075 


MID-ATLANTIC 

Mitsubishi Electronics America, Inc. 
800 Cottontail Lane 

Somerset, NJ 08873 

Telephone: (201) 469-8833 
Facsimile: (201) 469-1909 


SOUTH ATLANTIC 

Mitsubishi Electronics America, Inc. 
2500 Gateway Center Blvd., Suite 300 
Morrisville. NC 27560 

Telephone: (404) 368-4850 
Facsimile: (404) 662-5208 


SOUTHEAST 

Mitsubishi Electronics America, Inc. 
Town Executive Center 

6100 Glades Road #210 

Boca Raton, FL 33433 

Telephone: (407) 487-7747 
Facsimile: (407) 487-2046 


CANADA 

Mitsubishi Electronics America, Inc. 
6185 Ordan Drive, Unit #110 
Mississauga, Ontario, Canada LST 2E1 
Telephone: (416) 670-8711 

Facsimile: (416) 670-8715 


Mitsubishi Electronics America, Inc. 
300 March Road, Suite 302 

Kanata, Ontario, Canada K2K 2E2 
Telephone: (416) 670-8711 
Facsimile: (416) 670-8715 


WEST GERMANY =" 
Mitsubishi Electric Europe GmbH 
Headquarters: 

Gothear Str. 8 

4030 Ratingen 1, West Germany 
Telex: 8585070 MED D 
Telephone: (02102) 4860 

Facsimile: (02102) 486-115 





Munich Office: 

Arabellastrafe 31 

8000 Munchen 81, West Germany 
Telex: 5214820 

Telephone: (089) 919006-09 
Facsimile: (089) 9101399 


FRANCE ==. oe 
Mitsubishi Electric Eurose GmbH 

55, Avenue de Colmar 

92563 Rueil Malmaison Cedex 

Telex: 632326 

Telephone: 47087871 

Facsimile: 47513622 








ITALY = = 2S 
Mitsubishi Electric Europe GmbH 
Centro Direzionale Colleoni 

Palazzo Cassiopea | 

20041 Agrate Brianza I-Milano 
Telephone: (039) 636011 

Facsimile: (039) 6360120 





SWEDEN — OE 
Mitsubishi Electric Europe GmbH 
Lastbilsvagen 6B 

5-19149 Sollentuna, Sweden 

Telex: 10877 (meab S) 
Telephone: (08) 960468 

Facsimile: (08) 966877 


U. K.: ecole daha eS ees Se te a 
Mitsubishi Fisetiic (U. K,) Ltd. 

Travellers Lane 

Hatfield 

Herts AL10 8XB, England, U.K. 
Telephone: (0044) 7072 76100 
Facsimile: (0044) 7072 78692 








PUST RA eee 
Mitsubishi Eicciic Rosicalra Pty. Ltd. 
73-75, Epping Road, North Ryde, 

P.O. Box 1567, Macquarie Centre, 
N.S.W., 2113, Australia 

Telex: MESYD AA 26614 | 
Telephone: (02) (888) 5777 

Facsimile: (02) (887) 3635 
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